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EDITORIAL  NOTES. 


A    REVIEW    OF    THE    PAST   YEAR'S    WORK. 

The  past  year,  191 1,  was  probably  not  quite  as  important  a  one  for  the  develop- 
ment of  concrete  and  reinforced  concrete  as  some  of  the  >  ears  we  have  had  to 
review  since  the  establishment  of  this  journal,  but  for  all  that  there  were  certain 
features  that  call  for  remark,  and  should  influence  the  subject  beneficially. 

In  the  first  place,  there  was  the  issue  of  a  second  report  by  the  Joint 
Committee  on  Reinforced  Concrete.  We  have  dealt  with  that  report  at  length 
and  consider  it  an  important  document,  eminently  useful  to  those  concerned. 

Next,  the  London  County  Council,  after  many  delays,  has  finally  made  up 
its  mind  as  to  what  regulations  it  is  going  to  recommend  the  Local  Govern- 
ment Board  to  accept  for  reinforced  concrete  in  the  county  area.  These  regula- 
tions, as  we  have  already  remarked,  are  much  belated,  and  there  has  been 
unnecessary  delay,  due  to  a  certain  extent  to  the  divergent  opinions  of  the  pro- 
fessions concerned,  but  the  regulations  are  at  last  in  print,  and  this  is  a 
matter  of  congratulation  that  has  to  be  put  to  the  credit  of  the  vear  191 1. 

The  fact  that  the  Concrete  Institute  organised  a  summer  meeting  may  also 
be  considered  a  step  in  the  right  direction.  This  summer  meeting,  it  is  true, 
was  not  as  successful  as  it  deserved  to  be  as  far  as  attendances  were  concerned, 
but  there  were  certain  external  influences,  the  then  impending  Coronation  and 
the  hot  weather,  that  militated  against  indoor  meetings. 

The  successful  Building  Trades  Exhibition,  with  its  interesting  exhibits  of 
concrete  and  reinforced  concrete,  must  count  as  one  of  the  important  events 
of  the  year,  and  these  exhibitions  continue  to  be  one  of  the  most  instructive 
of  their  class. 

Lastly,  we  would  record  that  the  year  191 1  actually  presented  us  with 
an  instance  in  which  the  Local  Government  Board,  regardless  of  its  inane  policy 
of  conservatism,  has  actually  granted  a  30  years'  loan  period  on  a  piece  of 
structural  work  on  which  reinforced  concrete  was  used.  A  concession  of  this 
kind  on  the  part  of  that  particular  Board  is  certainly  epoch-making,  and  though 
this  belated  acceptance  of  one  particular  application  does  not  in  any  way  allow 
us  to  congratulate  ourselves  that  Whitehall  has  at  last  awakened  to  the  fact  that 
reinforced  concrete  is  at  least  as  durable  as  timber,  it  at  all  events  gives  future 
applicants  a  precedent  to  work  upon. 

As  far  as  new  work  in  Great  Britain  in  the  materials  to  which  this 
Journal  devotes  itself  is  concerned,  concrete  has  well  held  its  own,  but  reinforced 
concrete  has  somewhat  marked  time.      On  the  other  hand,  work  in  hollow  con- 
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nttf  hUx-ks  h:is  l)inn  ni;ikin^  r.ipid  strides.  In  other  parts  of  the  world  all 
deparim«nt>  of  roi.crete  and  reinforced  concrete  have  been  making-  yreat 
progress,  and  ilii>  has  been  particularly  the  case  in  the  United  States,  in 
(lermany,  and  in  Austria. 

As  to  the  impending;  year,  1912,  the  outlook  appears  to  be  a  satisfactory 
ont'  as  far  as  work,  scientific  research  and  leg-islative  measures  are  concerned, 
anti.  sjK-aking  g-enerally,  the  building-  world  in  the  coming-  year  on  the  pro- 
fessional, official  and  industrial  side  may  expect  to  be  busier  than  in  the  year 
just  concluded. 

REINFORCED    CONCRETE   IN    THE  STORAGE    OF    EXPLOSIVES. 
A.\  important  Report  has  recently  been  published  by  Major  Cooper-Key,  H.M. 
Chief  Inspector  of  Kxplosives,  in  which  the  use  of  reinforced  concrete  in  build- 
ing-s  intended   for   the  storag-e   and   manufacture  of  explosives  is  dealt  with   at 
S/ome  length. 

The  Report  in  question,  \o.  CD5,7o::,  which  is  obtainable  from  the  ag-ents 
of  H.M.  Stationery  Oflice,  relates  to  the  explosion  of  a  store  belonging  to  the 
Granville  Colliery  Co.,  at  Swadlincote,  and  should  be  of  the  utmost  importance 
to  the  in.;n\   mine  owners  who  have  to  store  explosives  on  a  considerable  scale. 

We  give  the  clauses  of  the  Repjrt  that  deal  with  the  question  in  full,  but, 
generally  speaking,  we  think  we  should  preface  it  by  sayipg  that  our  impression 
is  very  much  to  the  effect  that  reinforced  concrete  lends  itself  particularly  to 
the  class  of  work  here  under  re\-iew,  with  one  proviso,  however,  that  the 
reinforccnient  of  the  concrete  should  be  of  as  slight  a  character  as  practicable, 
so  that  in  case  of  explosion  the  walls  of  the  building-  would  be  pulverised  as 
much   as  possible. 

Apart  altogether  from  tlie  structural  view,  in  the  event  of  explosion,  it 
should  also  be  borne  in  mind  that  a  reinforced  concrete  building  is  generally  a 
safer  one  for  the  prevention  of  unlawful  entry,  as  the  weak  feature  in  the 
usual  building  used  for  storage  of  explosives  is  the  roof,  which  if  of  the  ordinary 
construction  of  slate  or  tile  can  so  easily  be  entered  by  those  who  wish  to 
obtain  access  to  the  explosives  without  the  knowledge  of  others. 

In  giving-  the  extracts  of  the  Report,  which  should  be  of  such  importance 
to  those  concerned  and  interested  in  reinforced  concrete,  we  think  we  should 
point  (;ut  that  the  Explosives  Department  of  the  Home  Oflfice  has  long  had 
the  reputation  of  being  able  to  give  sound  technical  advice,  and  the  present 
holder  of  the  office  of  Chief  Inspector,  by  his  reports  on  this  and  other  kindred 
subjects,  has  clearly  shown  that  the  tradition  of  his  Department  is  not  onlv 
being  well  maintained,  but  usefully  developed. 

The  f;;llowing  is  the  extract  in  question  :  — 

EXTRACT  FROM  THE  REPORT. 
I  now  come  to  the  question  of  the  best  material  for  the  construction  of  a 
magazine  or  store.  The  principles  we  advocate  in  respect  of  the  construction  of 
"  danger  buildings  "  is  fairly  well  known — viz.,  that  in  zvorking  buildings,  where 
the  danger  arises  inside,  the  lightest  possible  material  is  the  best,  but  that  in 
storage  buildings,  where  danger  is  more  likely  to  arise  from  the  outside,  a  sub- 
stantial construction  is  preferable.  Thus  no  fault  can  be  found  with  the  method 
adopted  in  respect  of  this  store,  which  indeed  was  built  under  the  eve  of  the  local 
inspector  and  approved  in  the  strongest  terms  by  the  late  Colonel  Cundill  a  vear 
later,   but   the    result   of   the  explosion   shows  only   too  plainly    that   although   the 
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stout  construction  may  be,  and  probably  is,  an  excellent  preventive  of  accidents, 
yet  if  an  accident  does  occur  this  same  stout  construction  adds  considerably  to 
its  effects.  The  store  did  not  contain  more  than  half  the  quantity  of  explosive  that 
might  lawfully  be  kept  in  it,  yet  heavy  masses  of  brickwork  were  hurled  far 
beyond  the  distance  (loo  yards)  which  a  store  of  this  division  is  required  to 
maintain  from  public  highwavs  and  dwelling  houses  with  consent  of  occupier, 
and  in  different  circumstances  serious  casualties  might  have  resulted.  Fortunately, 
explosions  of  magazines  or  stores  are  very  few  and  far  between,  and  I  do  not 
suggest  that  any  such  drastic  remed}-  is  required  as  ito  compel  licensees  to  pull 
down  existing  buildings  and  re-erect  them  of  some  material  other  than  brick, 
but  I  think  it  might  be  well  before  building  a  new  store  to  consider  whether  it 
may  not  be  possible  to  devise  some  method  of  construction  which,  while  suffi- 
ciently substantial  to  afford  protection  against  unauthorised  entry,  would  not  in 
the  event  of  an  explosion  lead  to  so  searching  a  bombardment  of  the  neighbour- 
hood as  occurred  in  the  present  instance. 

In  a  lecture  delivered  by  the  late  Mr.  Oscar  Guttmann  at  a  meeting  of  the 
Society  of  Chemical  Industry  on  June  ist,  1908,  it  was  stated  that  experiments  had 
been  carried  out  at  Cummersdorf,  Germany,  with  a  view  to  ascertain  the  effect 
of  an  explosion  in  a  magazine  constructed  of  concrete  with  an  aggregate  of  fine 
gravel.  Two  such  magazines  were  built  and  it  was  found  that  the  explosion  of 
one  and  a  half  tons  of  gelatine  dynamite  in  one  of  these  buildings  failed  to  project 
any  of  the  building  material  to  a  greater  distance  than  50  metres,  and  Mr.  Gutt- 
mann suggests  that  if  Expanded  Metal  or  stout  wire  netting  were  inserted  in  the 
concrete  not  only  would  the  above  result  be  attained  but  a  building  so  constructed 
would  also  be  lightning  proof  provided  the  metal  in  the  walls  were  thoroughly 
well  earthed.  Without  unreservedly  accepting  these  views,  inasmuch  as  the 
shattering  effect  of  a  large  quantity  of  dynamite  may  produce  a  very  different 
result  to  that  which  might  follow  the  explosion  of  a  propulsive  explosive  such  as 
gunpowder,  I  cannot  but  think  that  there  is,  even  on  theoretical  grounds,  a  strong 
probability  that  a  material  such  as  concrete  or  cement  which  is  not  cut  up  into 
small  blocks  by  lines  of  least  resistance,  as  is  the  case  with  brickwork,  would  in 
all  circumstances  give  more  satisfactory  results.  It  must  not  be  forgotten  that 
a  lawfully  situated  store  is  surrounded  by  a  zone  free  from  "protected  works," 
and  it  is  better,  therefore,  from  the  point  of  view  of  the  safety  of  the  public,  that 
large  blocks  should  be  projected  to  distances  within  that  zone,  and  that  only  an  occa- 
sional fragment  large  enough  to  do  harm  should  be  thrown  beyond  it  rather  thiin 
that  quantities  of  bricks  should  be  evenly  distributed,  as  in  the  present  case,  to 
distances  equal  to  nearly  double  the  radius  of  the  statutory  "  danger  "  zone.  I 
would  suggest,  therefore,  that  where  practicable  and  in  places  where  the  margin  of 
unoccupied  ground  does  not  extend  beyond  the  minimum  distance  required  by 
law,  stores  should  preferably  be  built  of  fine  gravel  concrete  with  an  arched  roof 
•  of  the  same  material,  the  construction  to  be  as  light  as  possible  with  due  regard 
to  securit^•— a  condition  which  can  be  furthered  by  the  use  of  Expanded  Metal 
or  stout  wire  netting  in  the  concrete. 

THE  CONCRETE  INSTITUTE  "TRANSACTIONS." 
The  Transactions  of  the  Concrete  Institute  for  the  session  1910-11  were 
issued  last  month.  The  Transactions,  which  form  a  very  well-printed  and 
illustrated  volume,  present  a  useful  summary  of  the  Institute's  work  durmg:  the 
session  that  ended  in  June  last,  and  the  papers  and  discussions  there  carry  the 
reader's  mind  back  to  the  autumn  of  1910,  and  thus  refresh  his  memory  on  much 
that,  if  perhaps  somewhat  out  of  date,  will  nevertheless  make  interestmg  readmg 
to  many  of  the  members  of  the  Institute. 
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\\  h\  tlust-  'l"r;iiis:icti()ns  could  not  have  been  divided  up  into  at  least  two 
parts  and  issued  while  tiie  sul.ject  matter  was  moderately  new  we  do  not  know, 
and  even  an  interval  of  five  months  between  the  last  paper  read  in  June  and  the 
date  of  issui-  appears  to  be   more   than   ample. 

The  chan^'-e  of  size  makes  tlie  vcjlume  a  convenient  one  to  handle  and  the 
folding  ])lates  are  excellent. 

As  to  the  contents,  we  have  dealt  with  the  subjects  under  review  in  earlier 
issues  and  would,  therefore,  not  recapitulate  any  of  the  features  beyond  pointing- 
to  the  fait  that  for  careful  study  the  in  extenso  reproduction  of  the  different 
papers  to  be  found  in  the  Transactions  is  invaluable.  Another  useful  feature 
are  enlarged  notes  and  extracts  from  technical  papers. 

It  is  pleasant  to  observe  from  the  Transactions  that  a  good  start  is  being 
made  with  the  formation  of  a  reference  library. 

OBITUARY    NOTICE. 
THE    LATE    MR.    ISAAC    CHARLES    JOHNSON. 

On  the  29th  November  last  Mr.  Isaac  Charles  Johnson  passed  away  in  his 
loist  vear.  Having  regard  to  his  great  age  his  end  was  not  unexpected,  but 
the  termination  of  his  long  and  honourable  career  has  created  a  feeling  of  regret 
and  sorrow  which  has  extended  from  his  own  immediate  circle  to  all  those  who 
are  in  anv  form  connected  with  the  manufacture  and  use  of  Portland  cement  at 
home  and  abroad.  Mr.  Johnson  was  associated  with  the  cement  trade  almost 
from  its  birth  and  was  prominently  identified  with  it  throughout  the  whole  of  his 
life,  having  founded  the  well-known  firm  of  I.  C.  Johnson  &  Co.,  Limited,  of 
Gateshead-on-Tyne  and  Greenhithe-on-Thames. 

From  his  early  association  with  the  firm  of  J.  B.  White  &■  Bros.,  of 
Swanscombe,  to  the  day  of  his  death,  covering,  we  believe,  a  period  of  some 
80  vears,  the  development  of  the  trade  has  been  nothing  short  of  marvellous. 
In  this  development  Mr.  Johnson  undoubtedly  took  a  prominent  part,  and 
although  we  cannot  accept  the  view  which  has  in  recent  years  been  given 
publicity  that  he  was  the  actual  inventor  of  Portland  cement,  there  is  no  doubt 
that  he  materially  assisted  in  the  perfection  of  the  product  and  in  the  method 
of  manufacturing  it.  Undoubtedly  the  cement  which  Mr.  Johnson  made  in  his 
early  days  was  a  great  improvement  upon  that  first  manufactured  by  Aspdin, 
and  so  in  turn  is  the  cement  of  to-day  infinitely  superior  to  that  produced  in  the 
middle  of  the  last  century. 

Mr.  Johnson  was  entitled  to  receive  full  credit  for  his  early  observations 
and  for  the  ingenuity  with  which  he  applied  them  in  various  directions, 
always  with  the  view  to  an  improvement  in  the  value  of  the  product  and  in 
the  means  of  producing  it  eflficiently  and  economically.  With  others  in  England 
and  on  the  Continent — notably  in  Germany — and  more  recently  in  the  United 
States,  he  played  his  part,  and  in  the  early  days  a  very  prominent  part,  in 
bringing-  the  Portland  cement  trade  into  its  present  prominent  and  invaluable 
position  among  the  leading  industries  of  the  w'orld. 

On  the  occasion  of  his  hundredth  birthday  in  l-'ebruary  last  he  was  the 
recipient  of  a  testimonial  and  illuminated  address,  which  was  subscribed  to 
by  all  the  leading  manufacturers  of  cement  in  the  United  Kingdom,  and  similar 
testimony  of  the  regard  in  which  he  was  held  was  received  by  him  from  many 
foreign  countries. 
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One  of  the  most  useful  applications  to  tvhich  reinforced  concrete  can  be  out  is  in  the 
construction  of  race  and  football  stands,  ivhere  gieat  stability  and  strength  are  of  the  utmost 
importance.  The  particulars  beloiu  "were  prepared  for  us  by  Mr.  Albert  Lakeman,  Hon. 
Medallist,  Construction.— ED. 

This  stand,  which  is  erected  at  the  Clifton  Park  Race-course,  is  constructed 
entirely  of  reinforced  concrete,  at  a  total  cost  of  about  _;^io,ooo.  It  has 
accommodation  for  about  20,000  people,  and  was  commenced  in  April  of  the 
past  vear  and  finished  by  the  middle  of  June,  this  time  including  the  design  of 
the  stand  and  the  preparation  of  all  the  working  drawings,  the  contractors  being 
under  a  heavv  penalty  in  the  event  of  non-completion  in  the  contract  time. 

The  total  length  of  the  stand  is  about  466  ft.  and  the  depth  about  50  ft. 
9  in.,  the  columns  being  spaced  across  the  depth  at  intervals  of  about  12  ft.  6  in., 
giving  three  intermediate  rows  of  supports.  About  96  ft.  in  length  is  given  up 
for  the  accommodation  of  members,  with  a  bar  and  smoking-room  on  the 
ground  floor,  and  a  drawing-room  at  the  back  of  the  second  floor.  Luncheon- 
room  accommodation  is  also  provided  on  the  ground  floor.  Another  83  ft.  in 
length  is  appropriated  to  Tattersall's,  with  a  large  luncheon-room  on  the  ground 
floor,  while  the  remainder  of  the  space  is  given  up  to  ordinary  spectators,  with 
large  luncheon-room  and  bars  on  the  ground  floor. 

The  Kahn  System  of  reinforcement  was  employed,  and  a  working  load 
test  on  one  bay,  which  was  made  after  six  weeks,  did  not  produce  any  deflection. 
The  total  height  of  the  stand  is  36  ft.,  the  first-floor  level  being  13  ft.  9  in.  from 
the  ground  level  at  the  back,  the  latter  point  being  6  ft.  lower  than  the  ground 
level  at  the  front.  The  drawing-room  floor  level  is  8  ft.  6  in.  above  the  first- 
floor  level,  and  the  stand  is  covered,  as  shown  in  the  section  illustrated  on 
page  8,  with  a  cover  which  projects  23  ft.  from  the  extreme  back  of  the  stand, 
ot  10  ft.  6  in.  from  the  column  centre  which  carries  the  fulcrum  beam.  The 
two  back  rows  of  columns  only  extend  to  the  full  height  of  the  stand,  as 
the  remainder  are  stopped  at  the  underside  of  the  stringer  beams  below  the 
tiers  which  they  carry.  In  the  Members'  and  Tattersall's  portions  of  the 
stand  the  treads  are  2  ft.  g'in.  wide,  and  the  risers  are  13^  in.  high,  givmg  a 
total  number  of  nineteen  treads  in  the  height.  The  same  conditions  apply  m 
the  los.  6d.  stand,  but  in  the  2s.  6d.  stand  the  treads  are  reduced  in  width  to 
give  a  total  number  of  twenty-seven  in  all. 

The  front  row  of  columns  have  a  free  length  of  only  4  ft. ,  and  these  are  8  in. 
square,  reinforced  with  four  |-in.  Kahn  Rib  bars,  with  links  at  8  in.  centres  in  the 
height.  The  second  and  third  rows  are  about  9  ft.  and  15  ft.  high  respectively, 
and  these  are  increased  to  10  in.  square,  reinforced  with  four  l-'m.  Rib  bars,  with 
links  as  above.     The  fourth  and  fifth  rows  are   ^he  two  back  rows,   which,  as 
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previously  men- 
tioned, extend  to 
the  full  heit^ht 
of  the  stand, 
which  is  3^  ft., 
and  these  have 
beams  connected 
to  the  m  a  t 
various  intervals 
in  the  height. 
The  size  of 
these  columns 
varies  from  8  in. 
square,  rein- 
forced with  four 
^-in.  Kahn  Rib 
bars  at  the  top, 
to  12  in.  square, 
reinforced  with 
four^-in.  Rib  bars 
at  the  bottom. 

The  risers 
are  3  in.  thick, 
and  these  act  as 
beams,  being"  re- 
inforced on  the 
lower  edge  with 
one  -^-in.  Rib  bar 
carried  through 
straight  for  the 
w  hole  length 
and  one  |-in. 
bar  bent  up  at 
the  ends  and 
carried  over 
stringer  beams 
into  the  next 
bav  for  a  dis- 
tance of  18  in. 
to  take  the  shear 
and  negative 
bending  m  o  - 
ment.  Stirrups 
are  provided  at 
27-in.  centres, 
these  being  f  in. 
by  iV  in. ,  carried 


REINFORCED  CONCRETE  RACE-STAND. 


REINFORCED  CONCRETE  RACE-STAND. 


(CQNCRETa 


well  i.i,  into  tin-  r.,.urctc.  The  treads  which  are  carried  by  these  riser 
beams  are  formed  as  slabs  zh  in.  thick,  reinforced  with  ^-in.  rods  at  9-m.  centres 
in  the  lower  surface,  hooked  up  and  down  at  the  ends  into  the  risers.  Tempera- 
leter  are  provided  in  each  tread.   18  ft.   long,  with  a  lap  of 


lure  rods  j  in.  diame 


12  in.  at  the  ends  with  the  adjoining  rod.  The  stringer  beams  varv  in  size 
as  shown  in  the  drawings,  the  largest  being  24  in.  deep  and  8  in.  wide,  rein- 
forced with  two  i-in.  Kahn  Rib  bars  and  one  J-in.  Kahn  trussed  bar. 

Owing  to  the  great  length  of  the  stand,   expansion  joints  were  provided, 
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three  of  these  dividing:  the  structure  into  four  separate  divisions.     These  joints 
a  detail  of  which  ,s  shown  ,n  the  details  illustrated  on  this  page,  are  about  i  in.' 


wide,  and  it  will  be  seen  that  the  beam  and  slab  are  merely  supported  on  the 
haunches  at  the  connection  with  the  columns,  these  haunches  being  reinforced 
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with  two  Rib  bars  to 
enable  them  to  act  as  short 
cantilever  brackets.  Xo 
steel  is,  of  course,  allowed 
to  cross  the  joint. 

The  cover  at  the  top 

01  the  stand  is  designed 
\\  ith  sufficient  streng-th  to 
allow  same  to  be  used  by 
spectators  if  necessary, 
thus  serving  a  double 
purpose.  It  is  formed 
with  a  slab  4  in.  thick, 
ha\ing-  a  slope  of  i  in.  in 
12  in.,  and  finished  with 
cement  and  sand  in  equal 
parts  applied  before  the 
concrete  was  set,  and  no 
waterproofing  material 
was  required.  A  gutter  is 
formed  at  the  back  next  a 
3  in.  concrete  wall  which 
is  16  in.  high  and  forms  a 
finish.  The  projection  of 
the  cover  from  the  ful- 
crum beam  is  10  ft.  6  in., 
while  the  length  of  the 
tailing-down  portion  is 
12  ft.  6  in.  The  slab  is 
reinforced  with  |-in.  Rib 
bars  at  8-in.  centres,  the 
alternate  bars  being  bent 
up  over  the  fulcrum  beam 
for  continuity,  and  tem- 
perature bars  f  in. 
diameter  are  provided  at 
2-ft.  6-in.  centres.  The 
f  u  1  c  r  u  m      beams      are 

2  ft.  3  in.  deep  and  10  in. 
wide,  reinforced  with  two 
i-in.  Rib  bars  and  two 
i|-in.  Kahn  bars.  These 
beams  have  a  span  of 
about  24  ft.,  and  each  one 
carries  two  cantilever 
beams,  which  are  spaced 
at   8-ft.    centres.       These 
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latter  have  a  maximum  depth  of  24  in.  next  the  fulcrum  beam  and  a  minimum 
depth  at  the  extreme  outer  edg-e  of  8  in.,  with  a  width  of  10  in.,  the  reinforce- 
ment consisting  of  one  i-in.  Rib  bar  and  two  ^-in.  Rib  bars  in  the  lower  surface 
and  one  i-in.  Rib  bar  and  two  ^-in.  Kahrt  bars  in  the  upper  surface,  the  latter 
being  continuous  in  the  cantilever  and  tailing--down  portion.  Stirrups  i  in.  by 
t's  in.  are  provided  to  connect  the  two  sets  of  reinforcement,  one  stirrup  being 
provided  for  each  pair  of  bars. 

Thf:  back  of  the  stand  is  treated  with  half-timber  work,  which  gives  a  relief 
from  the  flat  treatment  which  would  have  otherwise  been  obtained,  as  shown  in 
the  photograph  of  this  portion,  which  is  illustrated  on  page  10. 

The  finished  view  of  the  front  is  shown  on  page  11. 

This  structure  is  an  admirable  example  of  design  in  reinforced  concrete, 
and  the  use  of  this  material  for  a  race-stand  is  so  superior  to  timber  that  one 
can  hardly  conceive  the  latter  material  being  adopted  in  the  future  for  buildings 
of  this  kind.  The  maintenance  required  is  practically  nil  with  the  use  of 
reinforced  concrete,  and  it  combines  with  strength  the  quality  of  being  fire- 
resisting. 

The  engineer  for  the  work  was  Mr.  Arthur  Hindle,  A.M.Inst.C.E.,  of 
Blackpool,  and  the  reinforced  concrete  was  designed  by  the  Trussed  Concrete 
Steel  Co.,  Ltd.,  of  Caxton  House,  Westminster.  The  contractors  were  Messrs. 
J.    Parkinson  and  Sons,  Ltd.,  of  Blackpool. 


FIRE-RESISTING    CONCRETE. 


l_^\  .       ;^  FIRE-RESISTING 
^  L/f'V'^        CONCRETE. 

/  '^- —  __ 


•^ 


0 


SOME   POINTS   FOR    CONCRETE  DESIGNERS. 

By    HAROLD    G.    HOLT.    A.R.I.B.A. 

The  question   of  using  concrete  for  fire-resisting  construction  is  "very  much  under  dis- 
cussion, and  the  article  •cue  present  beloiv  should  therefore  be  of  interest  to  our  readers.  — ED. 


The  systematic  study  of  fire-protection  in  its  two  aspects  of  fire-resistance  and 
fire-extinction  has  been  wonderfully  advanced  during-  the  past  ten  years,  due 
chiefly  to  the  efforts  of  the  British  Fire  Prevention  Committee  in  this  country 
and  to  various  American  technical  bodies. 

With  regard  to  fire-resistance  in  which  constructional  methods  are 
systematised  to  afford  the  best  results  under  fire,  nothing  has  been  more  remark- 
able than  the  decided  tendency  toward  the  introduction  of  first-class  concrete, 
of  a  suitable  nature,  for  the  construction  and  protection  of  all  classes  of  build- 
ing, and  to  this  may  be  attributed  in  no  small  measure  the  greatly  extended  use 
of  reinforced  concrete  as  a  sound  constructional  method. 

The  employment  of  mild  steel  in  the  main  structural  members  of  most 
modern  buildings  demands  a  satisfactory  form  of  protection  against  fire.  The 
liability  of  steelwork  exposed  to  high  temperatures  to  warp  and  twist  and  pull 
the  very  heart  out  of  a  building,  causing  the  collapse  of  floor  areas  and  the 
consequent  providing  of  horizontal  openings  inducing  draught  and  the  spread 
of  flames  and  smoke,  is  well  known  and  need  not  be  further  dealt  with  in  the 
present  article  ;  suffice  it  to  say  that  the  adequate  protection  of  all  steelwork  in 
a  building  is  one  of  the  cardinal  points  of  modern  fire-resisting  construction. 

CONCRETE   versus   TERRA-COTTA. 

In  England  the  palm  for  such  protection  has  been  generally  awarded  to 
concrete  ;  although  we  have  had  an  invasion  of  the  American  terra-cotta  tile — 
and  some  forms  of  the  latter  have  occasionally  proved  capable  of  sustaining  little 
damage  under  severe  tests,  more  particularly  where  employed,  in  the  case  of 
floors,  in  conjunction  with  some  form  of  reinforced  concrete  Aveb  or  joist  for  the 
bearing  member — concrete  still  holds  its  own,  and  is  even  more  likely  to  do  so  in 
the  near  future.  This  is  due  to  a  better  understanding  of  the  nature  of  concrete 
required  for  fire-resisting  work,  better  supervision  of  workmanship,  superior 
design  and  increased  facilities  for  obtaining  dependable  Portland  cement. 

In  America  concrete  systems  are  the  only  serious  rivals  of  terra-cotta  tile 
construction.      There  the  construction  of  commercial  buildings  of  great  height. 
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combined  with  a  peculiar  dryness  in  the  atmosphere  and  consequently  the  ever- 
present  danger  of  the  fire  hazard,  render  the  question  of  steel  protection  an 
urgent  one. 

Terra-cotta  tile  has  been  in  great  demand  in  the  United  States  for  a 
considerable  time,  one  of  the  reasons  for  this  being,  no  doubt,  that  it  meets  the 
demand  existmg  there  for  some  form  of  "quick-erection"  construction;  the 
hollow  tiles,  being  manufactured  previous  to  erection,  are  dry  and  after  being 
applied  in  the  building  are  practically  ready  for  plastering.  Ample  opprjrtunity 
has  thus  been  given  for  observing  the  behaviour  of  this  form  of  construction 
under  severe  Hre  in  some  of  the  large  conflagrations  that  have  taken  place — 
notably,  Baltimore,  San  Francisco,  Illinois,  and  other  large  centres.  Its 
behaviour  under  these  circumstances  has  not  borne  out  many  of  the  statements 
of  the  interested  manufacturers  and  often  of  insurance  officials,  who  are  begin- 
ning to  seriously  revise  their  opinions,  which  at  one  time  were  wholly  in  favour 
of  tile  construction. 

DEFECTS    IN   TERRA-COTTA   TILE. 

Terra-cotta  intended  for  use  as  a  fire-resisting  material  is  of  three  kinds  : 
dense,  porous,  or  semi-porous.  It  is  made  usually  in  the  form  of  hollow  blocks, 
the  inner  and  outer  skins  being  connected  by  webs  of  the  material  (much  in  the 
same  way  as  the  glazed  ornamental  terra-cotta  used  for  facing  many  buildings 
here).  The  blocks  are  of  numerous  shapes,  designed  to  meet  varying  applica- 
tions, such  as  floor  arches,  steel  beam  or  stanchion  protection,  partitions,  etc., 
etc.  They  are  made  of  refractory  clay  burned  in  a  kiln  at  a  temperature  of 
2,000°  to  2,500°  F.  ;  the  clay  used  in  manufacture  is  mixed  with  sawdust,  and 
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Fiji.  1.    Tkrra-Cotta  Tii.e  Casing  to  Steel  Columns. 

the  latter  is  burnt  away  during  the  firing  process,  thus  producing  the  required 
degree  of  porosity. 

The  comparative  failure  of  many  terra-cotta  systems  in  actual  fires  in 
America  has  been  clearly  pro\  ed  and  may  be  explained. 

As  might  be  expected  dense  terra-cotta  tile  is  the  worst  offender,  a  some- 
what porous  material  being,  in  general,  a  better  fire-resistant  than  one  of  a 
non-porous    character.      Dense    terra-cotta    failed    so    badly    in    the    great    San 
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Francisco  fire  that  the  Commission  appointed  by  the  Society  of  American 
Engineers  to  investigate  the  construction  of  the  buildings  reported  that  they 
considered  "  dense  terra-cotta  "  to  be  "  the  least  valuable  form  of  fire  protec- 
tion." On  account  of  its  greater  structural  strength,  as  compared  with  porous 
tvpes,  this  kind  of  terra-cotta  has  been  used  to  a  very  great  extent  in  the  con- 
struction of  large  flooring  areas,  particularly  in  arched  forms  and  in  the  vital 
construction  of  many  buildings  ;  hence  the  great  number  of  collapses  and  failures 
due  to  fire  of  which  we  have  heard  in  connection  with  many  so-called  "  fire- 
proof "  buildings.  It  is  an  axiom  of  fire-resisting  construction  that  the  main 
columns  or  piers  into  which  steel  enters  must  be  adequately  protected  from  fire, 
otherwise  the  protection  of  steelwork  in  floor  beams  and  flooring  areas  becomes 
a  waste  of  material  and  money.  Terra-cotta  has  been  used  alone  for  the  pro- 
tection of  steel  columns  or  stanchions  in  various  American  buildings,  and  has 
failed  to  perform  its  function  in  numerous  instances,  chiefly  for  three  reasons  : 
firstly,  the  unequal  expansion  of  terra-cotta  with  steel,  causing  dislocation  of 
the  blocks  when  high  temperatures  are  reached  and  the  consequent  opening 
of  joints  and  exposure  of  steel — also  the  crushing  of  arch  blocks  where  confined 
between  walls  and  steel  beams,  etc.  ;  secondly ,  the  use  of  the  wrong  type  of 
terra-cotta,  viz.,  dense,  instead  of  semi-porous  or  porous;  thirdly,  thinness  of 
the  material  and  excessive  air  spaces  in  the  hollow  bl(x:ks.  Notably,  in  the 
Baltimore  fire  the  large  air  spaces  in  the  column  protection  blocks  acted  as 
sufficient  non-conductors  of  heat  to  destroy  the  homogeneity  of  the  inner  and 
outer  skins  by  reason  of  the  extreme  difference  of  temperature  which  obtained 
in  the  outer  and  inner  faces  and  the  consequent  setting  up  of  stresses  sufficient  to 
crack  off  the  outer  face,  leaving  the  inner  shell  an  easy  medium  for  conveying 
the  heat  to  the  steelwork  and  producing  the  opposite  effect  to  that  intended. 
This  will  be  clearly  seen  from  Fig.   i . 

The  terra-cotta  manufacturers  have  to  some  extent  now  remedied  these 
defects  and  introduced  webs  of  greater  thickness,  increased  the  thickness  of  the 
shells  and  reduced  the  area  of  air  spaces ;  this  has  been  done  at  slightly 
increased  cost  of  manufacture  and  extra  weight.  Some  forms  of  pKjrous  or 
semi-p)orous  tile  may  be  used  in  buildings  with  advantage  at  times.  A  test  by 
the  British  Fire  Prevention  Committee  as  long  ago  as  1905  showed  that  a 
partition  erected  of  porous  2|-in.  slabs,  plastered  |  in.,  would  withstand  a  fire 
of  two  and  a  half  hours,  with  temperature  rising  to  1,980°  F.,  and  then  prevent 
the  passage  of  a  water-jet  from  a  steam  fire-engine.  The  area  of  partition 
exposed  in  this  case  was  80  ft.  super.  .\  floor  test  in  the  same  year  on  a  floor 
put  forward  by  the  National  Fireproofing  Company,  of  Pittsburg  and  London, 
constructed  of  semi-porous  terra-cotta  with  wire  truss  reinforcement  in  the 
joints  of  the  blocks,  gave  gopd  results.  The  fire  did  not  pass  through  the  floor, 
which  deflected  f  in.  at  the  maximum  during  the  test  and  regained  its  normal 
condition  after  the  test;  classification  as  full  protection  for  four  hours  was 
gained.  In  the  above  two  tests,  which  are  favourable  to  terra-cotta  tile,  it 
should  be  noted  that  the  latter  were  either  porous  or  semi-porous,  and  not  the 
dense,  liard  quality  which  is  chiefly  used  in  American  buildings,  as  previously 
mentioned  ;  the  floor  tested  would  be  greatly  benefited  by  the  wire  truss  rein- 
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forcement  which  is  bedded  in  Portland  cement  mortar.  It  was,  moreover,  of 
the  flat  type,  not  arched,  and  erected  by  the  foremost  manufacturers  of  tile  in 
America  and  in  a  most  expensive  and  somewhat  complicated  manner.  .Arched 
floors,  which  are  very  common  in  this  type  of  construction,  are  open  to  the 
objection  of  side-thrust  exerted  on  steel  j^nrdcrs  and  walls;  attempts  to  counter- 
act this  are  made  by  inserting;  steel  tic-rods  from  girder  to  g-irder  in  the  floor 
bavs,  and  failures  have  been  caused  by  the  insufhcienl  protection  of  such  rods 
in  these  floors. 

The  chief  objection,  however,  to  the  application  of  any  form  of  terra-cotta 
to  steelwork  lies  in  the  unequal  expansion  of  the  two  materials  under  hig-h 
temperatures,  which,  given  time  enough,  will  cause  sufficient  damage  to  wreck 
a  building,  particularly  where  great  fluctuations  of  the  fierceness  of  the  fire 
occur,  such  as  would  happen  in  a  high  wind. 

ADVANTAGES  OF   CONCRETE   AS    PROTECTION    FOR    STEEL. 

The  great  points  in  favour  of  concrete  as  a  fire-resistant  applied  to  steel  of 
any  form  (whether  in  the  nature  of  rolled  steel  joists,  girders  or  columns,  or  in 
combination  with  rods  and  reinforcements  as  a  reinforced-concrete  system)  is 
that  it  expands  almost  equally  with  steel,  its  thermal  conductivity  is  not  great, 
and,  owing  to  its  natural  bond  with  steel,  it  does  not  readily  admit  of  the 
expansion  of  the  latter. 

The  co-eflficient  of  expansion  of  steel  is,  roughly,  "0000066  per  deg.  F. 
V'arious  experiments  have  been  conducted  to  shov/  the  co-eflScient  of  expansion 
of  concrete ;  Professor  Hallock,  of  Columbia  University,  found  that  for  a 
1:3:5  concrete  the  co-efficient  was  "0000065  per  deg.  F.,  and  experiments  at 
Perdue  University  demonstrated  that  for  1:2:4  broken  stone  concrete  the 
co-efficient  of  expansion  varies  from  "0000052  to  "0000057  per  deg.  F.  The 
figures  are  probably  known  to  the  majority  of  my  readers  ;  they  have,  of  course, 
a  verv  practical  bearing  on  reinforced  concrete  design  generally,  but  they  are 
of  the  utmost  importance  in  considering  the  fire-resisting  value  of  concrete  when 
applied  to  steelwork,  and  they  have  been  emphasised  in  many  of  the  fire-test 
results  that  have  been  obtained. 

NECESSITY    FOR    SUITABLE   CONCRETE    AS    A    FIRE    RESISTANT. 

The  use  of  "  suitable  "  concrete  for  fire-resisting  purposes  has  already 
been  alluded  to,  and  it  is  necessary  to  point  out  that  all  kinds  of  concrete  are  not 
well  adapted  for  protective  work. 

X'arious  factors  enter  into  this,  particularly  that  of  the  type  of  aggregate  to 
be  used  (affecting  seriously  the  thermal  conductivity  of  the  concrete),  and  also 
the  nature  of  the  cement,  proportions  and  mixing  and  general  workmanship. 

Not  only  does  the  thermal  conductivity  of  the  concrete  depend  largely  on 
the  aggregate  employed,  but  the  amount  of  protection  to  be  afforded  steelwork 
depends  on  the  type  of  concrete  employed,  and  this  is  a  point  frequently  over- 
looked by  concrete  designers. 

Important  experiments  to  determine  the  thermal  conductivity'  of  various 
types  of  concrete  have  been  conducted  in  America,  chiefly  by  Prof.  Woolson. 
He  employed  concrete  tubes  two  months  old,  one  face  being  exposed  to  heat  and 
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having-  thermo  couples  embedded  at  varying  distances  from  this  face ;  the 
temperature  was  carefully  reg-ulated  and  gradually  raised  to  1,500°  F.  in  less 
than  one  hour,  and  kept  thus  for  a  period  of  four  hours.  The  results  I  do  not 
propose  to  give  in  full  detail,  but  they  ma\-  be  briefly  indicated  to  show  the  main 
conclusions  arrived  at. 

The  following  table  shows  the  rise  in  temperature  of  various  cubes  under 
test  at  stated  distances  from  the  heated  face  : 


Time 

heating. 

Distance  of  Thermo 

Type  of  Aggregate  in  cube. 

Couples  from  heated 

60  min. 

100  min. 

180  min. 

300  min. 

face. 

Trap  rock         ...          ...           -, 

225° 

300° 

925° 

1325° 

1  in. 

200° 

300° 

675° 

800° 

r5  in. 

Cinder--.          •••          ■••          | 

150° 

225° 

350° 

550° 

1-5  in. 

200" 

450° 

850° 

925° 

3  in. 

Limestone 

25-° 

500° 

1050° 

1250° 

3  in. 

Gravel              ...          •••          - 

750° 

1100° 

1350° 

1600° 

2  in. 

525° 

975° 

1325° 

1500° 

3  in. 

It  will  be  seen  that  gravel  concrete  is  a  dangerous  material  from  a  fire- 
resisting  standpoint ;  it  allows  of  the  penetration  of  heat  and  rise  of  temperature 
after  a  short  time  to  a  degree  at  which  the  concrete  will  commence  to 
lose  strength  rapidly.  Not  only  so,  but  any  steel  reinforcement  near  the 
surface  would  also  become  dangerously  heated,  and  sufficiently  so  to  cause 
failure.  The  "  cinder  "  concrete  shows  up  well;  this  type  approximates  to  our 
coke-breeze  and  clinker  concretes,  though  it  is  probably  not  used  in  America 
with  the  care  that  it  demands  and  usually  receives  at  the  hands  of  English  con- 
tractors, and  is  open  to  the  suspicion  of  containing  unburnt  coal  and  other 
deleterious  and  dangerous  substances.  In  general,  the  experiments  showed  that 
steel  members  in  a  building  should  receive  a  protection  of  two  inches  of  good- 
class  fire-resisting  concrete,  though  where  gravel  types  of  aggregate  arc  used 
this  should  be  increased  to  four  inches  as  a  minimum  in  exposed  situations,  such 
as  main  girder  soflfits,  columns  with  rectangular  protection,  etc.  The  extreme 
importance  of  these  results  was  not  at  once  grasped,  but  it  was  gradually 
realised  that  concrete  would  prove  a  very  economical  and  reliable  fire-resisting 
medium ;  it  meant  reduced  first  cost,  saving  of  space  in  column  protection,  and 
consequent  possible  reduction  in  the  size  of  bays  in  factory  and  office  building. 
Further  tests  have  been  conducted  which  show  the  low  heat  transmission  of 
Portland  cement  concretes  and  mortars  ;  thirty  panels  of  building  materials 
were  erected  at  the  Structural  Materials  Laboratories  of  the  United  States 
Geological  Survey,  St.  Louis,  and  of  the  various  stones,  bricks,  terra-cotta 
tiles,  and  concretes,  the  latter  showed  the  lowest  thermal  conductivity  and 
cracked  the  least  of  all  the  materials.  The  tests  showed  also,  however,  the 
desirability  of  introducing  reinforcement  in  concrete  walls  to  distribute  the 
effects  of  expansion.  Tests  showing  the  comparative  average  compressive 
strength  of  concrete  composed  of  i  cement,  2  sand,  and  4  of  |-in.  broken  stone. 
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(i)    trap    rcx:k,    (2)    limestone,    have    been    made    by    Prof.    Woolson,    with    the 
following^  results  : 

Average  CoMI•RKs^»^vE  Strength  (in  lus.  per  sq.  in.1. 


Aggregate. 

Normal 

500 '  F. 

750«  F. 
1800 

1000«  F. 

1250°  F.I1500''  F.  1750°  F. 

1 

2000°  F. 

Trap  rock 

1900 

1850 

1400 

1200 

1000 

1000 

700 

Limestone 

1800 

1250 

1200 

1000 

900 

- 
H.M. 

2  55 

800 

750 

Crumbled 
on  cooling 

Time    when   tempera- 
ture reached 

- 

Min. 

55 

H.  M. 
1    35 

H.M. 
2   15 

H.M. 

2   55 

H.M. 
3   35 

H.  M. 
3   35 

The  trap  rock  specimens  showed  comparatively  little  deterioration  in 
strength  up  to  750°  F.,  and  then  gradual  decrease  to  1,750°  F.  On  the  other 
hand,  limestone  showed  a  considerable  decrease  in  strength  at  500°  F.,  and 
beyond  750°  F.  this  loss  is  more  marked  than  in  the  case  of  trap  rock  specimens. 

Experiments  conducted  to  show  the  modulus  of  elasticity  of  concrete  after 
heating  demonstrated  that  this  became  ven.-  low,  but  in  all  cases  the  value 
increased  with  increase  of  load. 

This  is  probably  due  to  the  closing  up  of  many  fine  cracks  by  the  application 
of  the  load,  as  on  cooling  the  rapid  contraction  caused  many  fine  cracks  to 
develop,  and  the  compression  observed  would  not  therefore  be  a  true  deformation 
of  the  concrete  at  the  various  pressures. 

Tests  on  seven  floor  panels  have  been  conducted  by  the  British  Fire  Pre- 
vention Committee  to  show  the  value  of  various  concrete  aggregates  from  a 
fire-resisting  point  of  view  and  to  record  the  effect  of  a  fire  of  three  hours' 
duration,  the  temperature  to  reach  1,800°  F.,  but  not  to  exceed  2,200°  F. , 
followed  by  the  application  of  water  for  two  minutes.  For  full  particulars  I 
must  refer  readers  to  Report  No.  loi  of  the  Committee.  The  aggregates  under 
test  were  furnace  slag,  broken  brick,  broken  granite,  burnt  ballast,  coke  breeze, 
furnace  clinker,  and  Thames  ballast.  The  latter  came  out  worst  of  all ;  the  slab 
was  cracked  in  many  places,  the  top  curved  down  2  in.,  and  the  underside  of 
the  slab  cur\ed  downward  1}  in.,  badly  cracked  and  much  washed  off  by  water. 
The  results  of  this  test  showed  the  poor  fire-resistance  of  Thames  ballast 
aggregate  c<j>ncrete  and  thus  confirmed  a  previous  test  conducted  on  August  17th, 
1905,  at  the  Committee's  testing  station,  when  a  floor  constructed  of  5  in.  thick 
Thames  ballast  concrete  (between  4-in.  by  if -in.  rolled  steel  joists  at  2-ft.  4-in. 
centres,  and  supported  by  lo^-in.  by  loj-in.  broad  flanged  beams  at  7-ft.  centres, 
finished  on  the  top  with  boarded  floor  and  wood  joists)  failed  badly. 

The  floor  was  constructed  and  put  forward  by  Messrs.  H.  T.  Skelton  &  Co., 
London,  and  the  time  allowed  for  construction  and  drying  was  ii:^  weeks.  The 
test  occupied  four  hours,  the  maximum  temperature  reached  being  720°  F.  ;  the 
floor  was  loaded  at  280  lb.  per  sq.  ft.,  the  maximum  deflection  during  test  being 
7  3-10  in.  and  permanent  set  after  test  4^^  in. 

In  22  minutes  after  commencement  of  the  test  the  soflfit  of  the  concrete 
began  to  split  oft  in  patches.  In  75  minutes  and  100  minutes  respectively  the 
concrete  to  the  soffit  of  the  beams  fell ;  towards  the  end  of  the  test  the  concrete 
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in  one  bay  began  to  fall  in,  and  the  wood  floor  was  ignited ;  fire  and  water  (which 
was  applied  for  5  minutes)  passed  through  the  floor,  which  was  badlv  damaged. 
The  floor  failed  at  the  end  of  3!  hours. 

In  the  panel  tests  above  referred  to  the  best  results  were  obtained  by  the 
coke-breeze  aggregate  concrete,  which  was  not  curved  down  or  cracked,  but 
about  I  in.  was  washed  off  the  underside,  in  parts,  by  water.  Burnt  ballast 
concrete  panel  neither  cracked  visibly  nor  curved,  but  about  3  in.  was  washed 
off  the  underside,  in  parts,  by  water.  Furnace  slag  and  broken  brick  aggregate 
concretes  follow,  with  slight  cracks  and  J-in.  deflection  in  both  cases.  The 
furnace-ciinker  slab  was  cracked  across  in  two  places  and  curved  downwards 
I  in.  on  top ;  the  underside  was  not  curved  downwards,  one  slight  crack  visible, 
and  the  concrete  was  pitted  in  places  i  in.  deep.  The  broken-granite  slab  was 
cracked  in  three  places  on  the  top,  underside  curved  down  ^  in.,  with  slight 
cracks.  In  the  above  test  (which  was  carried  out  privately  by  the  British  Fire 
Prevention  Committee)  the  area  of  slab  tested  was  31^  sq.  ft.  ;  the  test  being  on 
seven  panels  2  ft.  7  in.  wide,  the  concrete,  5A  in.  thick,  being  supported  by  6-in. 
by  4i-in.  steel  joists,  encased  in  coke-breeze  concrete  in  each  case,  lo-ft.  span. 
The  time  allowed  for  construction  and  drying  was  seven  weeks,  the  load  per  sq. 
ft.  224  lb.  ;  the  bays  were  plastered  on  the  underside,  and  plaster  commenced 
to  fall  off  the  beams  10  minutes  after  test  began,  and  this  continued  to  the  end. 
All  slabs  remained  in  position. 

It  is  interesting  to  note  that  a  test  on  a  broad-flange  beam  floor  by  Messrs. 
Skelton  (exactly  similar  in  construction  to  that  with  Thames  ballast  as  the 
concrete  aggregate  which  failed  so  badly — with  this  difference,  that  the  con- 
crete aggregate  was  ftirnace  clinker)  successfully  passed  it  as  "  full  protection  " 
after  4  hours,  neither  fire  nor  water  passing  through  the  floor,  the  maximum 
deflection  during  test  being  only  7-20  in.,  and  the  permanent  set  nil.  In  the 
test  small  pieces  of  concrete  came  off  the  sof?it,  and  the  surface  of  the  beams 
was  eroded  by  the  water  application,  but  the  maximum  temperature  reached 
was  1,890°  P.,  exceeding  the  standard  temperature  by  90°  P.,  and  being  a 
difference  of   170°  P.   above  tha-t  at  which  the  Thames  ballast  floor  failed. 

It  should  be  explained  that  the  British  Pire  Prevention  Committee  set  up  a 
standard  of  requirements  for  floors  which  must  be  passed  by  those  under  test 
before  admission  to  their  respective  classifications.     This  is  as  follows  : 


Standard  Classification 

FOR  Floors. 

Protection. 

Least 

duration  of 

Test. 

M  inimum 
Temp,  of  Fire 
to  be  reached 
during  Test. 

Minimum 

Load  per 

Super.  Foot 

Distributed. 

Minimum 

Superficial 

Area  under 

Test. 

100  sq.  ft. 
200   „      „ 

100  „     ., 
200  ,.     „ 

100  „     „ 

200  ..     .. 

Min.  Time 
for  application 

of  Water 
underpressure 

-T-                      '  Class  A  ... 
i  emporary      „,         „ 
^         -^    1  Class  B  ... 

,,     ,.   ,           '  Class  A    ... 
Partial     ...      „,         „ 

(Class  B   ... 

r-  11                *  Class  A  ... 
Full          •••     ,-1         0 

1  Class  H   ... 

45  min. 
60*  „ 

90     ., 
120     „ 

150     „ 

240     .. 

1500°  F. 
1500'  F. 

1800'  F. 
1800'  F. 

1800"  F. 
1800'  F. 

Optional. 

112  lbs. 

168     ., 

224     ., 
280     .. 

2  min. 

.Among  other  floor  tests  one  or  two  of  special  interest  to  reinforced  concrete 
designers  will  be  worthy  of  note,  briefly  and  chiefly  regarding  aggregates. 
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A  floor  bv  Messrs.  \i.  Coii^nct,  Paris  and  London,  of  clinker  concrete,  6  in. 
thick,  with  rod  reinforcement,  ohlained  the  A  classification;  the  maximum 
deflection  recorded  was  5  b-10  in.  and  permanent  set  5  "-ifi  in.,  also  concrete 
to  beam  sollits  was  knocked  off  bv  water  application,  exposing  the  rods;  neither 
fire  nor  smoke  passed  throug-h  the  floor.  A  somewhat  similar  floor  of  hlast- 
furmuv  slai:  and  Portland  cement  concrete,  but  with  the  beams  at  5-ft.  9-in. 
centres  in  place  of  7-ft.  5-in.  ci'ntres  in  the  former  test,  ol)taincd  the  B  classifica- 
tion and  j4ave  better  results  ;  the  deflection  at  maximum  during  test  was  4  3-10  in. 
and  permanent  set  if  in.  In  this  case,  again,  the  concrete  on  bcatn  soffits  was 
knoclu-d  off  on  ivatcr  appiicaiio)i  and  tJic  steel  rods  exposed;  this  was  due  to 
the  two  main  i.^-in.  and  i  a-in.  rods  in  the  beams  in  both  cases  being  too  close 
to  tlie  exterior  face  of  tlic  concrete,  leaving  only  ij  in.  of  concrete  protection  on 
the  connecting  j-in.  rods  in  the  most  exposed  situation.  Another  floor,  by  the 
Patent  Indented  Steel  Bar  Co.,  London,  obtained  the  B  classification.  This 
was  another  hhist-fimiacc  sUii;.  sand  and  Portland  cement  floor,  with  indented 
steel-bar  reinforcement;  the  maximum  deflection  during  test  was  9-10  in.,  per- 
manent set  after  test  |  in.  ;  neither  fire  nor  water  passed  through  the  floor,  but 
Ui^ain  tin  t())icrctc  to  the  hcani  soffits  ivas  knocked  off  where  struck  by  the 
water-jet  cxpositig  the  steel  bars,  and  the  floor  sofHt  eroded  where  struck  by  the 
jet.  The  New  Expanded  Metal  Co.  put  forward  a  floor  which  gained  B  classi- 
fication. This  was  constructed  with  lo-in.  by  5-in.  rolled  steel  joists  at  7-ft.  8-in. 
centres,  and  of  concrete  composed  of  broken  firebrick  and  broken  brick  and 
cement  reinforced  with  expanded  metal.  At  the  end  of  one  hour  a  portion  of  the 
concrete  casing  to  one  beam  fell,  but  no  metal  was  exposed  and  no  damage  was 
done  to  the  soffit  of  concrete  by  fire  or  w  ater  ;  maximum  deflection  during  test 
J I  in.,  permanent  set  4  in. 

A  test  on  a  different  type  of  floor,  one  of  the  reinforced  concrete  hollow 
block  or  tube  floors  that  have  sprung  into  prominence  of  late,  shows  that 
these  are  to  be  quite  relied  upon  when  precautions  as  ro  the  casing  of  steel 
reinforcements  and  the  use  of  aggregates  is  considered.  The  floor  in  question 
was  formerly  known  as  the  Herbst  (Berlin)  Floor,  and  is  known  now  in  this 
countrv  as  the  Armoured  Tubular  Floor.  Full  classification  B  was  attained 
in  the  test ;  the  floor  was  constructed  with  webs  of  shingle  concrete  with  steel 
reinforcement,  and  filled  in  with  coke-breeze  concrete  tubes  and  covered  on 
top  with  li  in.  of  concrete,  soffit  plastered.  The  maximum  deflection  during 
test  was  A  in. ,  permanent  set  after  test  -rs  in.  The  water  application  produced  no 
effect  beyond  eroding  some  of  the  plaster  on  the  soffit.  Of  ordinary  steel  and 
concrete  floors  the  following  two  tests  are  interesting.  The  first  test  was  on 
a  floor  of  coke-breeze  concrete,  5  in.  thick,  filled  in  and  supported  by  5-in.  by  4^-in. 
rolled  steel  joists,  2  ft.  6  in.  apart,  centre  to  centre,  the  top  and  bottom  flanges 
of  the  joists  being  exposed  and  flush  with  the  concrete  faces.  After  20  minutes 
the  steel  joists  began  to  deflect  until  a  maximum  deflection  of  loi  in.  was 
recorded.  .-Vfter  i  hour  and  20  minutes  the  bulk  of  the  concrete  in  the  two  outer 
bays  collapsed,  the  concrete  in  tlie  other  two  bays  being  slightly  disintegrated 
on  the  underside.      The  floor  failed  at  the  end  of  80  minutes. 

The  other  floor  was  of  coke-breeze  concrete  filled  in  between  7-in.  bv  3|-in. 
steel  joists,  the  concrete  being  9  in.   thick  and  covering  the  lower  flange  soffits 
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with  2-in.  protection.  After  12  minutes  plastering  fell  off,  but  bevond  this  no 
other  effect  was  observed  (no  observation  was  taken  of  deflection  during-  test) ; 
there  was  no  permanent  set,  but  the  soffit  of  ihe  concrete  was  disintegrated 
about  f  in.  where  struck  by  the  water.  The  fire  did  not  pass  through  the  floor ; 
the  maximum  temperature  reached  was  2,230°  F.  There  was  no  load  on  this 
floor. 

Many  further  tests  have  been  undertaken  by  the  British  Fire  Prevention 
Committee  to  observe  the  action  of  fire  on  concretes  of  various  aggregates,  but 
it  would  occupy  too  much  space  to  give  any  further  detailed  particulars  of  tests. 
In  general,  the  conclusions  arrived  at  point  to  the  necessity  for  about  2  in.  of 
protection  for  steel  reinforcements,  and  to  the  general  excellence  of  coke-breeze 
concrete  per  se  as  a  fire-resistant.  I  have  personally  observed  that  coke-breeze 
concrete  floors  have  stood  very  well  after  fires  in  cotton  mills  in  Lancashire 
(where  such  floors  have  been  in  use  for  the  last  fifteen  years  in  conjunction  with 
small  steel  joists  and  main  girders),  wherever  proper  protection  has  been  afforded 
to  the  steel  by  about  i^  in.  of  concrete  and  f  in.  of  plaster  on  floor  soffits,  and 
2-in.  to  2^-in.  protection  of  main  steel  beam  flange  soffits.  It  is  a  general 
practice  in  the  north  to  include  a  small  percentage  of  clean,  broken,  hard-burnt 
brick  in  the  aggregate,  which  counteracts  the  over-porosity  of  the  breeze.  Such 
concrete  is,  of  course,  not  suitable  in  the  majority  of  cases  for  application  in 
reinforced  concrete  construction  proper.  Pan-breeze  and  smith's  ashes  are 
universally  condemned  for  concrete,  and  great  care  must  be  observed  in  the  use 
of  breeze  that  a  very  small  percentage  only  of  sulphur  be  present.  Thoroughly 
hard,  well-burnt  furnace  clinker  and  blast-furnace  slag,  free  from  lime  and 
sulphur,  have  come  out  well  in  tests,  and  may  be  recommended  for  fire-resisting 
concrete,  as  can  aggregates  of  clean,  broken  brick,  broken  porous  terra-cotta, 
and  pumice  or  lavas.  The  latter  must  be  free  from  decomposed  parts  and  from 
all  soft  and  organic  matter ;  they  should  be  dense,  thoroughly  vitrified,  not 
scoriaceous,  and  free  from  marked  cellular  structure.  Burnt  ballast  of  clay 
when  sufficiently  burnt  approximates  to  brick,  and  may  be  employed  for  fire- 
resisting  concrete,  but  is  not  to  be  recommended  in  general,  because  it  is  usually 
insufficiently  burnt  and  often  contains  free  lime,  sulphur  and  other  deleterious 
matter.  With  regard  to  other  natural  material  for  aggregates,  gravel  and 
ballasts  are  unsuitable  ;  broken  limestones  and  granites  must  be  broken  to  small 
pieces,  otherwise  they  are  apt  to  be  dangerous  as  aggregat<^s  in  concrete  sub- 
jected to  high  temperatures. 

Further  points  that  should  be  noted  in  connection  with  concrete  for  fire- 
resistance  are  that  (i)  in  all  the  tests  and  results  observed  a  rich  mixture  proved 
better  than  a  poor  one;  (2)  a  wet  mixture  proved  better  than  a  drier  one; 
(3)  aggregates  broken  in  smgill  pieces  pro\  ed  better  than  those  which  would  not 
pass  a  f-in.  ring.  With  regard  to  the  first,  it  is,  of  course,  well  known  that 
fine-ground  Portland  cement  is  an  excellent  fire-resistant,  and  provided  that 
there  is  sufficient  sand  and  aggregate  to  prevent  cracking,  the  richer  mixtures 
are  better ;  also,  of  course,  giving  increased  strength,  allowing  extra  margin 
for  careless  workmanship.  In  some  of  the  tests  referred  to  when  the  concrete 
blocks  cracked  or  spalled  under  heat  previous  to  water  application,  the  damage 
was  found  to  be  greater  in  the  dry  mixtures  containing  the  greatest  percentage 
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of  sand,  and  it  was  also  ncjted  that  the  richer  mixtures  warmed  up  more  slowly 
than  the  others.  In  tests  on  some  concrete  hollow  blocks  it  was  also  observed 
that  one  cause  of  weakness  in  the  blocks  was  a  too  dry  and  lean  mixture  ;  this, 
coupled  with  the  thinness  of  webs,  proved  them  insufficiently  strong  to  with- 
stand the  stresses  due  to  rapid  expansion  on  the  heated  faces.  (It  should  be 
observed,  en  passant,  that  hollow  concrete  blocks  should  be  manufactured  with 
sufficiently  thick  -webs  to  withstand  these  stresses,  and  if  of  richer  concrete  they 
can  be  made  to  pass  practically  any  tests  required.) 

With  regard  to  point  2,  it  has  been  discovered  that  before  concrete  will 
disintegrate  under  fire-exposure  the  large  amount  of  moisture  chemically  com- 
bined in  the  setting  of  the  cement  (about  20  per  cent,  to  25  per  cent,  of  its 
weight)  has  to  be  driven  off  by  the  heat,  and  the  vapour  thus  driven  off  must  be 
evaporated  thoroughly  from  the  concrete  pores  before  the  latter  become  suffi- 
ciently hot  to  crumble.  This  evaporation  is  a  very  slow  process,  and  it  is  due 
to  this  fact  that  concrete  will  resist  extremely  high  temperatures  for  some  hours 
and  provide  all  the  fire-protection  necessary  in  any  building  before  a  fire  dies 
out ;  it  would  become  disintegrated  ultimately  at  much  lower  temperatures  were 
they  continued  for  any  length  of  time.  The  damage  which  has  occurred  to  floor 
panels  and  blocks  under  severe  fire  tests  has  been  probably  caused  at  tempera- 
tures lower  than  those  ultimately  reached,  in  many  cases  (and  previous  to  water 
application)  owing  to  this  water  of  crystallisation  being  driven  off  from  the 
face,  leaving  a  thin  coat  of  dehydrated  mortar  which  would  probably  form  a 
coating  sullicient  to  present  further  dehydration  deeper  in  the  concrete.  A 
suggestion  is  contained  in  the  last  report  of  the  Committee  on  Treatment 
of  Concrete  Surfaces,  of  the  National  Association  of  Cement  Users  (U.S.A.), 
regarding  th'j  possibility  of  treating  concrete,  to  render  it  more  fire-resisting, 
with  a  solution  of  i  part  40  degrees  Baume  of  sodium  silicate,  3  parts  water, 
allowing  to  dry  for  24  hours,  and  then  a  further  immersion  in  the  same  solution 
and  a  further  drying  for  the  same  period.  It  is  stated  that  concrete  so  treated 
will  stand  a  very  much  higher  temperature  unthout  dehydration  of  the  cement 
than  concrete  not  so  treated.  It  is  evident  that  a  field  for  investigation  opens 
here,  for  if  such  an  enamelling  treatment  can  be  practically  and  commercially 
achieved,  and  it  can  be  demonstrated  after  complete  and  thorough  tests  to 
greatly  increase  the  fire-resistance  of  concrete  and  decrease  its  already  low 
thermal  conductivity,  the  popularity  of  concrete  as  a  fire-resistant  will  be  still 
further  increased,  and  possibly  insurance  ratings  on  concrete  building.s  would 
be  further  decreased. 

With  regard  to  point  3,  it  is,  of  course,  a  necessity  to  employ  concrete 
with  aggregates  broken  finelv  for  filling  into  reinforcements  in  reinforced  work, 
and,  as  already  pointed  out,  it  is  especially  necessary  in  the  case  of  natural 
broken  stones  used  as  aggregates  in  fire-resisting  work.  Limestones  and 
granites  are  particularly  liable  to  failure  in  fires.  The  former  are  calcined 
and  converted  into  quicklime,  losing  all  cohesion  when  exposed  to  fire  and 
water ;  the  latter  cracks  and  flies  to  pieces  or  crumbles  to  a  fine  sand  when 
exposed  to  high  temperatures.  Sandstones  are  superior  to  either  for  standing 
against  fire,  but  become  disintegrated  after  exposure.      Granite,   of  course,   is 
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particularly  in  demand  in  a  great  many  reinforced  concrete  works,   and  other- 
wise limestone  forms  an  excellent  aggregate. 

It  would  be  better  to  employ  them  for  the  structural  duties  in  reinforced 
concrete  work  and  then  to  afford  them  an  extra  protection  against  fire  of  a 
mixture  of  concrete  having,  say,  coke  breeze  and  broken  brick  as  the  aggre- 
gate. The  reason  that  aggregates  broken  in  smallish  pieces  will  stand  fire 
and  water  application  better  than  concrete  with  aggregates  of  larger  size  may 
be  explained  as  follows  : — Rocks  are  poor  conductors  of  heat,  and  whilst 
the  outer  shell  of  a  stone  may  be  quickly  raised  to  a  high  temperature  if 
exposed  to  fire  the  inside  may  be  fairly  cool ;  if  the  stone  be  suddenly  cooled, 
say,  by  water  application,  contraction  of  the  outer  shell  taking  place  will  cause 
pieces  to  be  thrown  off  ov.  ing  to  the  great  internal  stresses  set  up.  Where 
small  stones  are  used  the  chances  of  extreme  differences  in  temperature  are 
not  so  great. 

PROTECT  STEEL  ADEQUATELY. 

In  conclusion,  I  wish  to  particularly  emphasise  the  especial  necessity  for 
protecting  all  steel  members  in  reinforced  concrete  work.  There  is  a  consensus 
of  opinion  amongst  architects  and  engineers  that  the  minimum  protection  of 
suitable  concrete  that  should  be  afforded  steel  in  main  beams  is  2  in.,  and  in 
main  floor  areas  of  i  in.  for  rod  reinforcements,  as  the  very  minimum.  This 
is  somewhat  vague  and  does  not  make  allowance  for  varying  types  of  aggre- 
gate and  is  to  be  taken  as  an  average  rule  only ;  in  the  case  of  floor  areas  of  rein- 
forced concrete  of  broken  stone  I  think  that  in  addition  to  the  i  in.  or  so 
usually  allowed  on  the  soffit  below  the  rods  an  additional  protection  of  i  in. 
of  fire-resisting  concrete  should  be  allowed,  or  a  protection  of  2  in.  of  stone 
aggregate  concrete  in  all  as  a  minimum.  The  amount  of  special  protection,  if 
any,  or  the  total  amount  of  covering  to  rods,  etc.,  should,  I  consider,  be  very 
clearly  stated  in  all  specifications  and  tenders  for  reinforced  concrete  work. 
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SUSPENDED 

FLEXIBLE 
CENTERING. 

And  a  description  of  its  use  in  the  construction  of  tfie  Chickafiominy  River  Bridge, 

Richmond,  Va.,  U.S.A. 

By  PHILIP  AYLETT.   A.M.Am.Soc.C.E. 

The  folloviing  particulars  of  a  neiv  form  of  centering  should  be  carefully  studied  by  our 
readers,  as  any  neiv  method  claiming  to  reduce  expense  and  to  give  efficiency  in  reinforced 
concrete  miork  is  one  that  deserves  particular  attention.— ED. 


Of  all  classes  of  centering  the  most  difficult  and  costly  to  erect,  maintain  and  remove, 
and  that  affording  the  greatest  obstruction  to  traffic,  botli  by  land  or  water,  is  un- 
doubtedly the  ordinary  rigid  timl>eT  centering,  usual  in  the  construction  of  arch  bridges 
of  masonry  or  concrete.  The  centering  of  bridge  arches  is  constantly  liable  to  damage 
by  fire  and  water,  resulting  in  the  injury-  or  complete  destruction  of  the  incompleted 
superimposed  structure. 

Even  small  movements  in  centering  from  timber  shrinkage  or  settlement  prior  to 
or  at  the  time  of  striking  the  centering  have  proved  prolific  sources  of  permanent 
injury  or  even  complete  destruction.  In  several  known  cases  the  centering  was 
destroyed  by  fire,  the  origin  of  which  was  probably  due  to  shavings,  chips,  etc.,  left 
by  carpenters  constructing  the  timber  falsework. 

In  a  numlxr  of  cases  on  record,  washout  of  centering  by  a  sudden  freshet  has 
resulted  not  only  in  disaster  to  the  structure  being  built,  but  also  other  structures 
spanning  the  same  stream  below  have  been  swept  away  by  the  floating  falsework 
timbers.  I>oss  of  life  and  property  has  frequently  resulted  from  the  proximity  of 
centering  (supporting  overhead  structures)  to  railway  tracks  under  tralilic. 

In  almost  every  case  of  the  loss  or  damage  to  arch  bridges  during  construction, 
or  subsequent  development  of  cracks,  the  failure,  weakness,  or  even  small  settlement 
incidental  to  the  construction,  maintenance  or  removal  of  the  so-called  rigid  timber 
centering  is  usually  responsible. 

In  addition  to  the  risks,  delays,  etc.,  involved  by  the  use  of  rigid  centering,  its 
expense  is  usually  the  largest  factor  in  the  cost  of  arch  bridge  construction  ;  its  cost, 
as  well  as  its  risks  and  dangers,  increasing  out  of  all  proportion  with  increase*  of  span 
and  depth.  The  usual  demand  in  the  engineer's  specification  for  "  absolutely  rigid 
and  unyielding  "  centering  in  arch  bridge  construction  has  become  both  difficult  and 
dangerous  to  meet  under  the  heavy  loads  of  modern  long-span  arches,  and  this  demand 
must,  of  course,  add  largely  to  cost  by  requiring  expensive  foundations,  skilled  con- 
struction, low  working  stresses,  and,  consequently,  heavier  timbers  and  more  of  them 
in  order  to  eliminate  shrinkage  settlejnents  and  insure  the  rigidity  and  stren^^th 
required  during  the  long  periods  of  falsework  maintenance  prior  to  striking  centres. 

With  the  most  efficient  management  many  years  would  elapse  before  the  supply 
of  heavy  timbers  suitable  for  rigid  centering  will  increase  in  quantity  or  decrease  in 
cost.  It  appears  therefore  that  even  the  present  generation  must  resort  to  the  other 
alternative — viz.,  the  use  of  structural  steel  or  a  combination  of  timber  and  steel.  As 
a  result  of  the  cost  of  timber  centering  and  the  greater  risks  incurred  with  increase  of 
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weight,  height,  and  span  length,  a  number  of  recent  concrete  structures  have  been 
built  with  a  combination  centering,  or  with  one  exclusively  of  structural  steel.  Thus 
far,  however,  the  use  of  structural  steel  centering  for  concrete  arch  bridges  has  been 
restricted  almost  exclusively  to  those  locations  where  the  character  of  the  stream  or 
crossing  rendered  timber  and  pile  falsework  impossible  or  expensive. 

The  first  recorded  use  of  centering  entirely  of  structural  steel  for  concrete  arch 
bridge  construction  on  a  large  scale  was  in  1909,  upon  the  construction  of  five  150-ft. 
channel  spans  of  the  D.L.  and  \V.  bridge  over  the  Delaware  River.  The  Delaware 
River  is  subject  to  heavy  floods  with  ice  and  drift.  A  concrete  structure  could,  there- 
fore, never  have  been  considered  at  all  but  for  the  elimination  of  the  ordinarv  pile- 
supported  rigid  centering  and  the  introduction  of  structural  steel  falsework.  This 
latter  consisted  of  three  centered  steel  arches  supported  upon  concrete  projections  on 
the  piers  designed  for  the  purpose. 
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Fig.  1.     Sketch  showing  suspended  method  of  arch  construction. 
SispENDED  Flexible  Centering. 


The  use  of  a  new  method  of  arch  construction  as  used  at  the  Chickahominy  River, 
Richmond,  Va.,  and  in  other  work-,  has  demonstrated  that  it  possesses  many  advan- 
tages and  possibilities,  in  addition  to  economy  and  rapidity  of  construction.  By  this 
method  (as  used  at  Chickahominy  River),  since  it  involves  the  use  of  no  falsework 
whatever,  the  great  expense,  risks,  etc.,  incidental  thereto  are  eliminated,  and  thus  a 
means  is  afforded  of  constructing  concrete  arch  bridges  over  those  locations  heretofore 
considered  impracticable,  expensive,  or  altogether  impossible,  by  reason  of  falsework 
considerations,  difficulty  of  access,   or  remoteness  from  civilisation. 

Prior  to  the  detailed  description  of  methods,  etc.,  used  at  Chickahominy  River,  a 
brief  review  of  some  of  the  most  important  experiments,  test  arches,  etc.,  preceding 
and  leading  up  to  its  use  there,  will  be  of  interest. 

The  method  was  first  suggested  by  an  actual  experience  with  rigid  falsework 
supported  on  piles  during  construction  of  a  70-ft.  concrete  rib  span.  Skin  friction  of 
the  piles  being  reduced  by  scour  after  a  heavy  freshet  caused  the  sinkage  of  the  piles 
supporting  the  falsework,'  which,  of  course,  threatened  the  destruction  of  the  concrete 
ribs.  Fortunately,  the  concrete  ribs  had  been  deposited  in  sections  or  voussoirs,  and 
the  spaces  between  them  had  not  been  filled  with  concrete  when  the  settlement  of  fully 
12  in.  occurred,   decreasing  towards  the  abutments. 

Jacks  were  placed  upon   the  caps  of  the  pile  falsework   bente  which  were  located 
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directly  under  the  open  spaces  between  the  concrete  rib  sections.  The  rib  sections  were 
thus  raised  to  the  true  cur\ature,  as  determined  by  computed  ordinates  between  the 
intrados  and  a  horizontal  line.  The  open  spaces  between  the  rib  sections  were  then 
filled  with  concrete.  Although  sinkage  still  continued,  the  true  curvature  was  main- 
tained by  the  jacks  until  the  concrete  was  set  up  and  the  arch  became  self-supporting. 
This  structure  has  now  carried  heavy  traffic  for  eight  years. 

After  the  success  of  the  above  emergency  work,  two  experimental  arch  ribs  were 
constructed  upon  falsework.  One  of  these  ribs  was  composed  of  sections  which  were 
moulded  in  place,  which,  after  being  properly  adjusted  for  curvature,  were  keyed 
together  by  moulding  concrete  keys  in  the  key  space  between  the  sections.  The  other 
rib  was  composed  of  tivo  previously-moulded  sections,  supported  upon  hinges  located 
at  the  abutments  and  crown.  Adjustments  being  made  prior  to  keying  or  hinging  by 
raising  or  lowering  the  crown  ends  of  the  two  sections  by  means  of  jacks,  placed  upon 
one  point  of  support,   located  under  the  crown.     \\'hen  the  concrete  kevs  were  set,  or 


1-  il;.  4.     Ribs  supported  entirely  by  cables,  key  spaces  at  abutments  still  open. 
View  of  10  ft.  Span  Test  Arch. 


the  pins  or   hinges   placed  between   the   sections   as   the  case    may   be,    the   temporary' 
supporting  structure  is  removed,  leaving  the  arch  self-supporting. 

The  above  method  makes  it  possible  for  the  temporary  supporting  structure  to 
shrink,  stretch,  settle,  or  otherwise  become  distorted  w^ithout  injury  to  the  incom- 
pleted arch,  since  the  arch  section  can,  at  any  time  before  keying  them  together,  be 
accurately  adjusted.  The  arch  sections  may  be  formed  on  the  centering  or  moulded 
elsewhere  and  then  placed  in  position,  as  stated,  the  sections  being  of  any  desired 
length. 

When  the  sections  are  previously  moulded,  the  amount  of  temporary  falsework  is 
much  reduced,  this  reduction  depending  upon  the  length  of  sections. 

The  above  methods,  while  eliminating  injury  due  to  shrinkage,  settlement,  etc., 
and  reducing  the  amount  of  falsework,  effect  much  saving  and  are  useful  in  many 
locations. 

FLEXIBLE    SUPPORT    OR    SUSPENDED     METHOD     OF     ARCH    CONSTRUCTION. 

The  foregoing  work  and  experiments  suggested  the  Flexible  Support  or  Suspended 

Method,   bv   which  arch  construction  has  been  made  possible  without   the  use  of  any 
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falsework  whatrwr.  While  ihtr  mothod  can  \x:  used  for  almost  any  location,  it  is 
esp<:H:ialiy  adaptcMj  to  rapid  and  economical  construction  for  such  locations  as  deep 
fjortjes,  rapid  streams,  canals,  railway  tracks,  etc.,  over  which,  heretofore,  any  method 
of  concrete  arch  construction  has  been  found  impracticable  or  altogether  impossible. 

I'if*.  I  is  a  sketch  in  side  elevation,  showing  the  application  of  this  method  of  the 
construction  of  an  arch  rib. 

Cables  indicated  at  i  (Fig.  i)  are  hung  from  suitable  supports,  such  as  .\ 
frames  or  lowers,  located  on  or  near  the  abutments.  The  cables  are  anchored 
by  any  convenient  and  suitable  method,  an  ordinary  deadman  at  each  end 
of  the  cables  for  spans  under  150  ft.  being  generally  sufficient.  Depending  from 
the  cables  are  the  hangers  (6)  carrying  the  cross  members  of  wood,  iron  rods,  steel 
shapes  or  pijx^s.  The  longitudinal  members  (9)  are  supported  on  the  cross  members. 
They  are  composed  either  of  wood  or  steel  shapes,   such  as    angles  or  channels,   as 


Fig.  5.     Suspended  flexible  centering  struck. 
ViKw  OF  Portsmouth  53  ft.  Span  Test  Arch. 


desired,  and  rest  upon  the  cross  members,  so  that  by  lengthening  or  shortening  the 
hangers  (6)  the  series  of  supports  can  be  made  to  assume  any  desired  curvature, 
according  to  the  design  of  the  arch  which  is  to  be  erected.  Each  cross  bar  or  pivot  (8) 
passes  through  holes  or  slots  in.  the  ends  of  the  longitudinal  members  (or  rests  in 
notches  cut  in  their  bottom  edges),  so  as  to  permit  the  curvature  of  the  arch  to  be 
varied.  The  end  sections  adjacent  to  abutment  skewbacks  may  also  be  suspended 
by  hangers  from  the  cables,  but  it  is  sometimes  preferable  to  mount  them  upon 
suitable  hinged  bearings  directly  upon  the  abutinents,  without  suspension  at  this 
point  from  the  cables.  The  series  of  longitudinal  members,  fle.xibly  jointed  together, 
constitute  in  effect  a  flexible  centering,  upon  which  may  be  laid  previously  moulded 
voussoir  sections  of  the  concrete  arch  rib  or  moulds,  in  which  the  concrete  rib  sections 
can  be  cast  directly  upon  the  suspended  centering. 
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The  length  of  the  hangers  is  determined  (approximately)  in  advance,  so  that 
when  the  cables  and  flexible  centering  are  in  place  the  latter  will  have  the  approximate 
curvature,  but  to  permit  of  final  accurate  adjustment  at  anv  time  the  han<^ers  are 
provided  with  turnbuckles  (ii),  whereby  they  may  be  readily  let  out  or  taken  up  as 
desired,  so  as  to  correct  the  curvature  of  the  centering  whenever  necessary.  It  has 
been  found  satisfactory  to  use  wire  rope  suspenders  instead  of  rods,  and  for  very 
heavy  spans  differential  pulleys  may  be  used  for  adjustments,  without  the  use  of 
turnbuckles.  Hanging  from  the  ends  of  the  cross  bars  or  pivots  is  a  row  of  targets  (12) 
on  wires  or  reds  of  such  length  (determined  by  calculation)  that  when  the  curvature 
of  the  flexible  centering  has  been  adjusted  correctlv  the  targets  will  aU  hs  at  the 
same  level.  Thus  under  the  direction  of  a  leveller  on  the  bank  of  the  stream,  or  an 
adjacent  pier,  the  sag  of  the  cables  and  the  lengths  of  the  hangers  can  be  varied  until 
the  targets  are  all  at  the  same  level,  whereupon  it  is  known  that  the  centering,  and 
therefore    the   concrete    segments    (or    voussoirs)    of    the    permanent    structure,    are    in 


Fig.  6.     Cables  supporting  concrete  sections,  key  spaces  not  yet  filled  m. 
View  of  Portsmouth  53  ft.  Span  Test  Arch. 


proper  form.     Extending  through  the  moulds  are  the  reinforcing  bars  (14)  which  may 
either  run  continuously,  forming  lap  joints  in  all  key  spaces,  or  be  rigidly  connected. 
Symmetrical  Loading  Not  Essential  witli  Flexible  Support.— A  few  years  ago 

it  was  considered  essential  in  concrete  arch  construction  to  have  the  arch  ring  a 
solid  monolith  from  spring  to  spring.  In  short  spans  to  effect  this  continuous  work 
night  and  day  was  specified.  ^\'ith  somewhat  longer  spans  continuous  work  was 
found  inconvenient  and  exix"nsive,  and  solid  barrel  arches  were  divided  into  longi- 
tudinal sections  of  such  widths  that  the  volume  of  concrete  contained  could  be  deposited 
in  a  working  day.  Thus  the  completed  arch  is  composed  of  monolith  longitudinal 
sections. 

With  the  longer  and  heavier  spans  of  the  last  few  years  monolith  arch  ribs  and 
barrels  (even  in  longitudinal  sections)  were  found  impossible.  Expt^rience  m  arch 
design    and    construction    has    shown    such    practice    an    unnecessary    precaution    and 
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expense,  with  hinj^eless  archies,  in  fact,  monolith  nrch  ribs  and  rings  are  not  only 
unnecessary,  but  have  bt^^ii  found  imposvsible  of  construction  in  modern  long  spans, 
for  the  reasons  that  proper  sequence  of  loading  rigid  falsework  is  essential  in  order 
to  guard  against  deformation  of  c^-ntering,  and  the  impracticability  of  continuous  work, 
and  even  disaster. 

In  order  to  secure  symmetrical  loading  of  falsework  and  other  advantages,  the 
most  recent  practice  in  constructing  arch  ribs  is  to  divide  same  into  alternate  blocks 
or  voussoirs.  With  flexible  supports  such  division  is  also  used  to  afford  a  means  of 
temporary  flexibility,  the  points  of  flexure  (or  hinges)  being  located  between  the 
voussoirs  and  at  the  skewbacks.  By  this  means  construction  oscillations,  deflections, 
etc.,  of  the  supporting  cables  have  no  effect  upon  the  individual  concrete  rib  sections 
or  voussoirs  during  construction.  Symmetrical  loading  has  been  found  entirely  un- 
necessary. In  one  case,  with  cable  support,  an  arch  rib  was  begun  at  one  abutment 
and  completed  continuously  to  the  other  abutment.  In  another  case  the  arch  rib  was 
commenced  at  the  crown  and  continued  to  the  abutments.  When  the  concrete  in 
the  sections  sets  up  the  forms  are  removed  and  the  spaces  between  the  concrete  rib 
sections  enclosed  by  forms.  The  key  spaces  are  then  filled  with  concrete,  embedding 
the  reinforcement  and  keying  the  arch  sections  together. 

Where  two  or  more  arch  ribs  are  constructed  with  flexible  support  side  by  side  they 
may  be  connected  by  transverse  beams  cast  in  forms  extending  betweeen  the  arch  forms 
at  suitable  points,  preferably  opposite,  and  in  communication  with  the  key  spaces,  so 
that  the  transverse  beams  and  keys  will  be  integral  or  monolithic.  Reinforcing  bars 
may  be  provided,  extending  through  the  transverse  beam  forms  and  connected  with  the 
arch  rib  reinforcing  bars.  Since  the  longitudinal  suspended  centering  members  are 
preferably  straight,  furring  members  (preferably  of  wood),  having  their  upper  edges 
curved  to  the  intrados  of  the  proposed  structure,  are  rigidly  attached  by  bolts  or  other- 
wise to  the  longitudinal  centering  members.  The  furring  members  are  also  supported 
at  their  ends  upon  the  cross  members.  Thus  by  substituting  differently  curved  furring 
members  and  adjusting  the  length  of  the  hangers,  6  {Fig.  i),  as  mentioned,  an  arch  of 
any  curvature  and  length  mav  be  constructed  with  the  same  apparatus  within  the  capa- 
citv'  of  the  cables,  etc.  The  arch  ribs  being  completed,  the  cables  and  centering  may  be 
taken  down  and  a  superstructure  of  any  desired  character  constructed  upon  the  completed 
arch  ribs,  or  the  main  cables  may  now  be  slacked  off  until  the  suspended  centering 
drops  from  3  to  5  ft.  below  the  intrados  of  the  arch,  and  in  this  position  used  as  a 
suspended  scaffold  for  the  workmen  to  finish  up  the  surfaces  of  the  completed  ribs. 
The  cables  (when  not  required  for  immediate  use  elsewhere  after  completion  of  arch 
ribs)  may  also  be  freed  from  hangers  and  suspended  centering,  then  hoisted  above 
the  grade  of  the  proposed  roadway,  and  in  this  position  used  as  an  ordinary  cableway 
for  delivery  of  concrete  from  the  mixers  on  shore  to  the  spandrel  and  roadway  forms, 
from  either  direction,  from  both  banks  of  the  stream,  or  from  barges  in  the  stream 
below.  In  the  construction  of  heavy  spans  requiring  supporting  cables  of  large 
diameters  it  is  best  to  use  a  special  cable  of  small  diameter  for  the  deliver)-  of  material, 
this  supported  upon  the  main  cable  supports,  thus  avoiding  wear  and  tear  upon  the 
main  cables.  Thus  the  expense  and  delays  incidental  to  the  transportation  of  concrete 
on  runways  by  carts,  cars,  etc.,    is  eliminated. 

While  the  suspended  system  is  especially  adapted  to  the  rapid  and  economical 
construction  of  rib-abridges  of  the  hingeless,  two-hinged,  or  three-hinged  type,  it  may 
also  be  used  in  the  construction  of  solid  ring  arches  with  or  without  hinges.  By  the 
introduction  of  hinges  not  only  are  the  stresses  more  readily  determined,  but  it  also 
becomes  possible  to  lighten'  the  rib  design  and  reduce  by  so  much  the  load  on  the 
cables. 

Further  than  this,   much  of  the  weight  of  the  two  concrete  rib  segments  adjacent 
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to  the  two  abutments  being  supported  by  the  abutment  hinges,  the  weight  upon  the 
cables  being  thus  reduced,  the  dimensions  and  weight  of  cables,  anchorages,  ertc, 
are  also  correspondingly  reduced.  The  end  segments  of  the  arch  rib  being  pivoted 
by  the  hinges  or  pivots  on  the  abutments  are  free  to  respond  to  the  small  construction 
oscillations  of  the  cables  due  to  depositing  concrete,  etc.,  in  the  intermediate  segments 
and  the  open  joints  or  key  spaces  between  same. 


View  of  crown  after  keying  sections  together. 
Chickahominy  River  Bridge. 


Fig.  2  shows  the  application  of  the  method  to  constructing  spans  in  series,  the 
piers  and  abutments  of  the  permanent  structure  being  used  both  as  anchorage  and 
cable  supports.  In  order  to  pass  the  cables  through  the  piers  or  abutments  to 
anchorage  a  small  pipe  or  box,  with  proper  slope,  is  embedded  in  same  when  con- 
structed. 
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^''fi-  3- — Kl<-va'ti(>:i  .-md  seclion  of  a  panel  of  suspended  cenitering  con.structed  of 
wood.  Curv*-!!  furring  member  shown.  To  adapt  to  a  span  of  different  radius  it  is  only 
necessary  to  change  curvature  of  furring  member,  increasing  or  decreasing  panels  as 
length  may  require. 

The  reinforcing  bars  are  here  shown  embedded  in  the  concrete  segments,  their 
ends  projecting  into  the  open  key  spaces  and  overlapping  the  bars  from  adjacent 
segments. 

Prior  to  actual  construction  of  arches  in  concrete  the  method  of  arch  rib  con- 
struction   by   casting    the   voussoirs    in    place   upon    suspended    fiexib'.e    centering    was 


Fifi.  9.     Key  spaces  filled  with  concrete. 
Chickahominy  River  Bridge. 


demonstrated  bv  constructing  a  number  of  plaster  of  Paris  arches,  all  of  varying 
curvature,  and  with  span  lengths  ranging  from  2  to  5  ft.  It  may  be  interesting  to 
mention  in  passing  that  several  experimental  arch  ribs  of  wet  sand  were  moulded  in 
these  model  suspended  forms.  These  sand  ribs  were  uninjured  and  self-supporting 
when  the  suspended  centering  w-as  "  struck,"  and  the  curvature  perfect. 

After  the  success  of  these  experiments  a  two-rib  concrete  arch  was   designed  and 
buik.     This  had  a  span  length  of  10  ft.  and  2   ft.  rise,  composed  of  two  parallel   ribs 
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12  in.  apart,  connected  by  transverse  beams.  The  section  of  each  rib  was  uniform 
throughout  and  was  3  in.  in  width  and  4  in.   deep. 

The  tw^o  abutments  were  built  first.  Two  |-in.  cables  were  suspended  over  the 
location  of  the  proposed  span  and  anchored  to  the  tops  of  a  backyard  fence,  after 
bracing  same.  The  suspenders  were  made  of  small  copper  wire,  tied  to  the  wooden 
cross-bars  and  cables  at  proper  intervals.  The  volume  of  concrete  in  these  ribs  was 
so  small  that  each  rib  was  completed  prior  to  the  initial  set  of  the  concrete. 

It  was  therefore  possible  to  adjust  the  suspenders  for  curvature  while  the  concrete 
was  in  the  wet  state,  consequently  no  key  spaces  were  necessary  and  none  provided, 
except  those  adjacent  to  each  abutment  (Fig.  4). 

The  adjustments  being  made  the  ribs  were  allowed  to  set  up,  after  which  the 
key  spaces  at  the  abutments  were  filled  with  concrete.  The  arch  having  reached  the 
self-supporting  stage,  the  centering  was  struck,  merely  by  slackening  the  cables. 


Fiii.  10.     Two  ribs  completed.     Flexible  centering  ready  for  third  rib. 
Chick.\hominy  River  Bridge. 

It  w^as  now  desired  to  make  further  tests  upon  a  still  larger  scale. 

With  this  in  view  the  designs  for  an  arch  rib  having  a  clear  span  of  53  ft.  and 
a  rise  of  7  ft.  were  prepared,   and  the  weights  of  arch,  cable,  sag,  etc.,   determined. 

It  was  found  that  steel  cables  i  in.  in  diameter  and  suspender  rods  f  in.  in 
diameter  would  support  the  53  ft.  concrete  rib  and  centering,  with  a  proper  safety 
factor.     This  arch  was  built  at  Portsmouth,  Va. 

The  rib  was  divided  into  six  sections,  which  required  six  pairs  of  suspenders  and 
cross-bars  for  their  support.  The  abutments  and  towers  were  first  built  and  the 
cables  placed  in  position  and  anchored  to  "  dead  men  "  buried  4  ft.  in  the  ground. 

The  longitudinal  members  of  the  centering  were  made  of  2  in.  x  10  in.  plank, 
resting  loosely  upon   the  cross-bars   with   their  ends  overlapping. 

To  prevent  slipping  longitudinally  a  f-in.  iron  rod  passed  through  the  overlapping 
ends  of  the  longitudinal  members.  No  turnbuckles  were  used  on  the  suspender  rods 
in  this  case,  but  their  lower  ends  were  threaded  6  in.,  so  that  the  proper  adjustments 
for  curvature  could  be  made  by  nuts  under  the  cross-bars.  Cast-iron  plumb-bobs  were 
hung  from  each  of  the  cross-bars  with  copper  wires  of  computed  ordinate  lengths. 

When  all  concrete  was  deposited  in  the  rib  forms  (except  in  the  key  spaces)  the 
total  deflection  of  the  cables,  due  to  the  load,  did  not  exceed  by  ^  in.  their  computed 
deflection  {Fig.  6).  3  3 
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Adjustiiif^  lliL-  iiitrados  ciirvmiin'  to  the  true  curvaluiv  was  effected  by  adjusting 
so  that  ihf  pluinlj-bcbs  were  broiitjhl  to  the  same  elevation.  It  was  found  only 
neo'ssary  to  tij4h(<Ni  up  the  nuts  under  the  two  central  cross-bars  ^  in.  and  to  slack 
otT  iIk'  nuts  untler  the  extreme  end  bars  f  in^  Twelve  hours  after  depositing  the  con- 
crete in  th<'  key  spaces  the  suspended  centering  was  drop[>ed,  or  "  struck,"  simplv  by 
slackening  off  both  cables. 

Judging  from  experience  the  striking  of  suspended  centering  is  accomplished  with 
such  case  and  uniformity  that  the  usual  dangers  arising  from  shock  and  jar  to  the 
cinipleted  arch  appear  to  be  eliminated. 

This,  and  the  further  fact  that  all  the  concrete  in  the  arch  rib  is  set  up  at  the 
lime  of  filling  the  key  spaces,  made  possible  the  striking  of  the  suspended  centering 
of  the  53  ft.  Portsmouth  arch  after  12  hours,  and  th<'  (niickahominy  River  48  hours 
after    kevinij. 


Fig.  11.     View  of  a  portion  of  completed  bridge. 

CHICKAHOMINy   RiVER   BRIDGE. 

THE    CHICKAHOMINY     RIVER     BRIDGE. 
Its  Design  and  Construction  'without  FalseworK  by  means  of  Suspended  Flexible  Centering. 

The  design  of  the  Chickahoniiny  Bridge  as  built  provides  for  a  reinforced  concrete 
structure,  composed  of  a  three-rib  arch,  having  a  clear  span  of  50  ft.,  the  approaches 
being  of  beam  and  slab  construction  in  panels  of  13  ft.  c.  to  c.  of  columns. 

The  length  of  structure  over  all  is  160  ft.,  and  the  clear  width  of  roadway  ih  ft. 
The  three  arch  ribs  are  similar,  each  having  a  depth  of  16  in.  at  the  crown  and  32  in. 
at  the  spring  lines,  the  width  of  the  ribs  transversely  biing  14  in.  each. 

As  the  bed  of  the  river  was  of  sand  and  gravel  it  was  necessary  to  use  batter 
piles  in  the  arch  abutment  foundations.  The  concrete  four.dation  slabs  are  i  ft.  4  in. 
thick  (embedding  the  heads  of  the  batter  and  plumb  piles),  and  are  slightly  tapered. 
The  arch  ribs  spring  from  skewbacks  upon  buttresses  opposite  each.  These  buttresses 
are  connected  by  reinforced  curtain  walls  or  diaphragms  S  in.  thick,  located  near  the 
skewbacks,  and  thus  act  not  only  as  horizontal  ties,  but  also  retain  the  filling  deposited 
in  the  space  between  the  buttresses. 

Cables,  Cable  Supports,  Anchorage,  etc.— The  cables  and  centering  used  in  the 
Portsmouth  Arch  were  ample  for  this  service,   but  it  was  desired  to  obtain  cables  and 
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suspenders  of  sufficient  capacity  fur  future  use  upon  span  lengths  up  to  about  So  ft. 
For  such  services  i  ^^  in.  diameter  galvanised  steel  cables  and  ^  in.  diameter 
>uspenders  were  obtained,  provided   with   turnbuckles. 

Both  approaches  were  completed  prior  to  the  construction  of  the  arch  ribs,  in 
order  that  the  cable  supports  might  be  mounted  upon  them,  thus  affording  foundations 
for  same  and  reducing  their  height.  This  arrangement  reduced  the  height  of  the 
supports  to  only  4  ft.   6  in. 

The  cables  were  anchored  to  "  dead  men  "  located  behind  the  concrete  columns 
at  the  ends  of  the  approaches.  Slots,  or  openings,  were  provided  in  the  roadway  floor 
slab  of  the  approaches,  in  order  that  the  inside  cables  might  pass  through  same  to 
their  anchorages.  The  connections  between  cables  and  anchorage  were  made  above 
ground,  so  that  in  shifting  the  cables  from  one  rib  to  another  it  was  not  necessary  to 
make  any  excavation  to  the  underground  anchorage. 

The  cable  supports  were  constructed  of  round  timber,  cut  at  the  site,  and  timber 
taken  from  the  old  structure.  \o  saddles  Avere  used  under  cables  on  the  supports  at 
either  Portsmouth  or  Chickahominy  River.  The  cables  simplv  rested  in  notches 
(lubricated)  cut   in   the  supports.     Saddles   are,   of  course,    necessarv   in   longer  spans. 

Flexible  Centering. — The  Chickahominy  River  flexible  centering  (Fig.  7) 
was  even  simpler  than  that  used  at  Portsmouth.  The  cross-bars  were  3-in.  gas  pipe 
4  ft.  long.  The  ends  of  the  2  in.  x  12  in.  wooden  longitudinals  overlapped  on  the 
cross-bars  and  were  notched  to  receive  the  bars,  thus  forming  the  pivots  or  points  of 
flexure.  The  lagging  and  concrete  forms  were  nailed  on  top  edges  of  longitudinal 
members. 

Adjustment  for  Elevation  and  Curvature. — After  the  cables  were  loaded  by  the 
corcrete  (wet)  rib  sections  only  i  in.  vertical  adjustment  for  curvature  \\as  necessary, 
as  determined  by  the  plumb-bobs.     The  key  spaces  were  then  filled   {Figs.  8  and  9.). 

The  maintenance  of  proper  elevation,  curvature,  etc.,  being  subject  to  such  com- 
plete control,  the  intrados  curvature  upon  completion  was  perfect  in  every  rib.  As 
stated,  the  cables  and  suspenders  used  were  capable  of  constructing  spans  of  80  ft. 
and  under.  Simplv  bv  substituting  differently  curved  fillers,  or  furring  members,  upon 
the  longitudinals,  and  adding  or  decreasing  panels  of  flexible  centering,  the  plant  is 
readv  for  use  in  constructing  spans  of  any  radius  and  length  within  the  capacity  of 
cables  and  suspenders  used. 

In  order  to  assure  perfect  control  at  all  times — in  case  of  freshets — the  main  cable 
turnbuckles  were  located  above  the  floor  slab  of  the  approaches.  This  location 
also  afforded  a  full  view  of  the  entire  ribs,  intrados,  suspenders,  etc.,  to  the  operator 
at  the  main  cable  turnbuckle  levers  when  making  adjustments  or  "  striking  centres." 

As  soon  as  possible  after  completing  a  rib  the  forms  were  stripped  off,  in  order 
to  shorten  the  setting  time  of  the  concreie  rib,  sections,  and  keys.  Forty-eight  hours 
after  the  completion  of  the  first  rib  the  llexible  centering  was  struck  and  transferred 
to  the  second  rib — adjacent — as  described,  and  thence  to  the  third  rib  {Fig.  10). 

After  completion  of  the  ribs  and  removal  of  cables  the  spandrels,  beams,  and  floor 
sla".;s  were  built  and  the  structure  completed  {Fig.  11).  The  spandrels  were  anchored 
to  the  arch  ribs  by  f-in.  radial  bars,  as  shown. 

Prior  to  acceptance  the  Comm*issioners  required  the  specified  test  to  be  made  under 
the  supervision  of  their  engineers.  The  specified  test  load  was  a  12-ton  road  roller, 
which  was  operated  at  various  speeds  back  and  forth  over  tb^  ^nti.-.'  roadway  area 
between  kerbs. 

The  work  was  executed  by  Mr.  Charles  McDermott,  contractor,  of  Washing- 
ton, D.C.  The  structure  was  designed  bv  the  writer,  and  submitted  to  the  Highway 
Commission  for  revision  and  approval.  Mr.  Wilbur  J.  Watson,  of  Cleveland,  Ohio, 
acted  as  consulting  engineer. 
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We  frequently  hear  ironmasters  regretting  the  advance  of  reinforced  concrete  and  the 
superseding  of  steel  frame  construction,  but  as  a  matter  of  fact  many  ironmasters  have  noiv 
started  rolling  the  sections  of  tars  for  reinforced  concrete  contractors,  and  the  introduction 
of  the  neiv  material  has  only  meant  a  change  in  the  class  of  goods  turned  out  at  their  nvorks. 
In  Germany  the  ironmasters  have  very  unwisely  thought  fit  to  attack  reinforced  concrete, 
and  the  folloiving  trenchant  reply  of  the  German  Concrete  Association  is  most  instructi re 
reading.  -ED.  

At  a  meeting  of  the  Association  of  German  Ironmasters,  held  at 
Diisseldorf,  Herr  Fischmann,  representing  the  Steel  Union,  read  a  paper 
on  the  use  of  steel  in  building.  The  greater  part  of  this  paper  was  devoted  to 
a  comparison  of  construction  in  steel  and  in  reinforced  concrete,  greatly  to  the 
disadvantage  of  the  latter.  The  Council  of  the  German  Concrete  Association, 
considering  that  the  paper  in  question  does  not  present  fairly  the  relative 
qualities  of  the  two  systems,  has  now  issued  a  formal  reply,  the  text  of  which 
has  appeared  in  various  German  technical  papers. 

Herr  Fischmann  attributes  the  decline  in  the  output  of  steel  sections,  from 
1,200,000  tons  in  1906  to  830,000  in  1908,  in  part  to  the  de\'elopment  of  rein- 
forced concrete.  It  is  pointed  out,  however,  that  the  change  is  really  due  to 
market  fluctuations,  the  output  in  1909  having  again  risen  to  1,045,000  tons. 
There  is  an 'admitted  increase  in  the  output  of  steel  rods  used  as  reinforcement, 
and  if  this  has  meant  a  decline  in  the  use  of  rolled  joists  the  result  is  a  transfer, 
but  not  a  diminution,  of  the  production.  This  will  be  realised  on  considering 
the  number  of  purposes  now  fulfilled  by  reinforced  concrete,  and  thus  causing 
a  demand  for  steel,  for  which  steel  was  not  formerly  used  at  all.  Such,  for 
instance,  are  foundations,  rafts,  piles,  wells,  retaining  walls,  embankments, 
silos,  loading  stages  and  inclined  planes,  external  walls  and  roofs,  reservoirs  of 
all  kinds,  canals  and  aqueducts,  fortifications,  dams,  chimneys,  monumental 
towers,  reinforced  concrete  bridges  as  substitutes  for  masonry  or  massive  con- 
crete, etc.  The  progress  of  reinforced  concrete,  therefore,  although  it  may 
react  unfavourably  on  the  production  of  joists,  cannot  but  be  beneficial  to  the 
steel  industry  as  a  whole. 

The  increase  in  the  use  of  reinforced  concrete  is  not  merely  due  to  its  cheap- 
ness, but  to  a  much  greater  extent  to  the  actual  advantages  which  it  possesses 
over  steel.  The  first  of  these  is  its  greater  safety  when  exposed  to  fire  or  to 
corrosive  influences.  Whilst  unprotected  steel  expands  and  softens  under  the 
influence  of  great  heat,  thus  becoming  actually  a  destructive  agent,  steel  properly 


36 


I&^g^^.SSJ.'S'^  V.  REINFORCED  CONCRETE, 


embedded  in  cement  concrete  is  to  be  regarded  as  a  true  fire-resisting  material, 
hence  its  advantage  in  the  construction  of  houses,  schools,  theatres,  factories, 
warehouses,  etc.  The  same  security  is  given  against  rust,  thereby  prescribing 
the  steel  and  saving  the  expense  of  repeated  repainting. 

The  monolithic  character  of  a  reinforced  concrete  structure  is  not  only  a 
guarantee  of  stability,  but  also  facilitates  erection,  from  the  fact  that  the  entire 
structure  is  erected  in  the  same  manner  by  the  same  contractor,  and  the  delays 
and  friction  inevitable  when  a  number  of  contractors  share  the  building,  as 
when  the  materials  are  steel  and  brick,  are  avoided.  The  great  adaptability  of 
reinforced  concrete  is  a  further  advantage,  and  gives  greater  scope  to  the  artistic 
architect  than  does  steel  skeleton  construction,  a  suitable  architectural  style 
for  which  has  not  yet  been  evoh'ed. 

Herr  Fischmann  remarks  that  the  statical  computation  of  reinforced  con- 
crete structures  is  still  very  obscure.  The  reply  is  made  that  certain  difficulties 
still  remain  in  both  systems  of  construction,  but  that  the  vast  amount  of  experi- 
mental work  completed  or  in  progress  in  the  great  testing  stations  actually 
places  reinforced  concrete  in  a  superior  position  to  steel,  the  introduction  of 
which  antedates  the  founding  of  these  laboratories,  so  that  its  statical  rules 
were   necessarily   arrived   at   on   theoretical   grounds. 

How  steel  construction  suffers  from  its  lack  of  experimental  work  is  seen 
from  Prof.  Bach's  experiments  on  U-beams,  published  in  1909  and  1910,  from 
which  it  appears  that  the  strength  of  such  beams  fell  in  all  cases  below  that 
calculated  to  the  extent  of  from  8  to  34  per  cent,  in  the  case  of  loading  in  the 
plane  of  the  principal  \-ertical  axis.  The  factor  of  safety  of  reinforced  concrete 
structures  actually  increases  in  the  course  of  years,  owing  to  the  progressive 
hardening  of  the  concrete.  No  case  is  known  in  which  a  structure  properly 
erected  in  accordance  with  the  official  method  of  computation  has  proved  in- 
sufficientlv  strong.  The  monolithic  character  of  such  structures  gives  them  an 
exceptional  power  of  adaptation  to  dynamically  varying  stress. 

The  objection  is  also  raised  that  the  construction  of  a  reinforced  concrete 
building  in  accordance  with  the  design  is  very  difficult.  This  is  not  the  case, 
and  accidental  variations  in  the  placing  of  the  reinforcing  rods  still  leave  a  wide 
margin  of  safety.  The  error  from  this  source  does  not  exceed  that  due,  in  steel 
construction,  to  the  eccentric  placing  of  flanges,  effects  due  to  torsion,  and  the 
like.  The  custom  of  neglecting  the  tensile  strength  of  the  concrete  is  a  further 
safeguard.  The  strange  remark  is  made  by  Herr  Fischmann  that  should  the 
reinforcing  rods  happen  to  be,  for  example,  10  mm.  in  diameter  instead  of 
II  mm.,  the  quantity  of  metal  introduced  would  be  insufficient.  It  would, 
however,  be  remarkable  if  a  modern  rolling-mill  were  to  send  out  material  so 
variable  in  size.  Actually,  o'wing  to  the  wear  of  the  rolls,  rods  are  commonly 
slightly  thicker  than  their  nominal  section. 

The  variabihtv  of  concrete  is  a  further  objection  raised  against  it.  It  is 
true  that  concrete  from  two  different  sources  may  differ  widely  in  properties, 
but  the  experimental  work  already  accomplished  has  made  it  perfectly  possib  e 
to  determine  what  will  be  the  strength  of  a  concrete  prepared  from  given  materials 
under  given  conditions.     By  the  German  regulations  the  contractor  is  bound 
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to  satisfy  tlie  buiklinj^  authority  that  tlie  materials  and  mode  of  mixing  he 
employs  actually  yield  concrete  of  the  strength  required,  by  means  of  tests  on 
28-day  blocks,  or,  when  this  would  cause  too  long  a  delay,  by  tests  after  14  days, 
the  28-day  tests  being  carried  out  subsequently  as  a  confirmation.  Small 
variations  in  the  strength  of  tlic  concrete  are  negligible  in  view  of  the  fact  that 
the  compressive  stress  allowed  is  only  one-sixth  of  the  breaking  stress.  In 
steel  under  tension,  whether  in  steel  structures  or  in  reinforced  concrete,  the 
determining  quantity  is  the  elastic  limit,  and  this  is  only  two-and-a-half  to  three 
times  the  stress  allowed.  Further,  a  building  is  not  usually  loaded  until  more 
than  28  days  after  its  erection,  and  the  strength  of  the  concrete  is  then  greater 
than  that  indicated  by  the  tests. 

The  comparison  made  by  the  reader  of  the  paper  is  between  badly  con- 
structed reinforced  concrete  work  and  well  constructed  steelwork.  This  is  not 
a  fair  method  of  comparison.  Disasters  due  to  bad  work  or  faulty  design  have 
occurred  in  recent  years  in  structures  erected  according  to  both  systems,  but 
are  not  to  be  attributed  to  inherent  defects  of  those  systems. 

Herr  Fischmann  attributed  a  part  of  the  progress  of  reinforced  concrete 
to  the  fact  that  it  is  a  novelty.  This  is  contrary  to  all  experience.  In  no 
industry  is  there  more  conservatism  than  in  building.  This  is  easily  conceivable 
when  we  remember  that  buildings  represent  the  sinking  of  large  capital,  and 
that  they  are  intended  to  be  permanent.  Builders  and  owners  are  therefore 
naturally  reluctant  to  use  any  but  well-known  materials  or  methods,  or  to  adopt 
any  no\-elty  the  use  of  which  may  be  attended  by  risk. 

As  a  matter  of  fact,  concludes  the  Council  of  the  German  Concrete  Associ- 
ation, reinforced  concrete  construction  has  had  to  contend  with  many  prejudices 
and  with  much  opposition,  and  if,  in  spite  of  this,  its  progress  is  a  triumphal  one 
it  owes  it  in  the  first  place  to  the  simple  and  rational  principles  underlving  it 
and  to  the   technical  and  commercial  advantages  which  result  therefrom.. 
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By  G.  C.   WORKMAN   (of  Messrs.   Edmond  Coignet,   Ltd.). 

At  a  meeting  of  the  Concrete  Institute  held  on  December  I4th  last,  Mr,  G,  C.  Workman 
read  a  paper  entitled  "  Some  Recent  Works  in  Reinforced  Concrete,  "  and  illustrated  same 
bv  some  i)ery  interesting  lantern  slides.  A  summary  of  the  paper  appears  beloiv.  Most  of 
the  tvorks  have  already  been  described  at  length  in  our  journal. — ED. 


The  object  of  this  paper  was  to  describe  a  few  of  the  numerous  works  recently  executed 
in  reinforced  concrete,  and  to  brinj:^  out  some  of  the  more  interesting  features  of  each 
particular  case  and  to  show  how   various  difficulties  have  been  overcome. 

Owing  to  modv;rn  requirements,  there  is  a  growing  tendency  for  the  various  b.a.-.ches 
of  engineering  to  become  specialised  in  order  to  obtain,  by  a  continual  study  of  each 
subject,  the  maximum  amount  of  economy  and  efficiency.  For  the  past  ten  years  the 
author  had  been  identified  exclusively  with  the  "  Coignet  System,"  which  was  one  of 
the  first  rational  and  scientific  methods  of  reinforcing  concrete.  As  there  are  now  a 
certain  number  of  different  ways  of  reinforcing  concrete,  he  would  give  a  short  descrip- 
tion of  the  methods  employed  in  the  various  works  which  were  about  to  be  described. 
Commencing  with  the  beams,  which  are  usually  considered  the  most  important 
part  of  a  structure,  round  bars  of  mild  steel  are  used,  the  dcameter  varying  between 
\  in.  and  if  in.  The  steel  frameworks  are  designed  in  such  a  manner  as  to  form 
independent  units  which  can  be  easily  made  on  the  site  and  placed  on  the  centering 
when  required.  In  some  cases  the  tension  bars  for  the  lower  portion  of  the  beams 
are  all  straight  with  a  corresponding  parallel  bar  in  the  upper  compressed  portion  of 
the  beam  ;  a  mechanical  bond  betwee'n  the  upper  and  lower  bars  is  provided  by  mear.s 
of  stirrups  made  of  round  mild  steel  wire  varying  between  t^-in.  and  :|-in.  diameter. 
These  stirrups  have  their  ends  bent  over  the  top  bar,  and  they  are  fastened  by  means 
of  annealed  wire  to  the  main  bars  so  that  their  position  cannot  be  changed  during  the 
process  of  concreting.  The  spacing  of  stirrups  is,  of  course,  varied  in  accordance  with 
the  shearing  stresses. 

Another  method  of  preparing  these  steel  frameworks  consists  in  grouping  together 
seven  tension  bars  of  comparatively  small  diameter;  six  of  these  bars  are  bent  upwards 
at  an  angle  of  forty-five  degrees  and  hooked  over  a  longitudinal  top  bar  i  in.  diameter 
in  such  a  manner  as  to  form  a  kind  of  truss.  Additional  stirrups  are  also  provided,  as 
in  the  first  method  described,  tcf  counteract  any  extra  shear. 

This  last  arrangement  has  the  advantage  of  being  more  economical  than  the  first 
one,  because  the  section  of  steel  in  tension  is  made  to  decrease  gradually  towards  the 
points  of  support  where  the  bending  moments  are  less,  the  extra  steel  being  used  to 
resist  shear  or  diagonal   tension.  _  . 

In  regard  to  shear,  he  would  point  out  that  in  the  first  method,  comprising  vertical 
stirrups  and  horizontal  bars,  the  vertical  shear  is  taken  up  by  the  main  "bars  and  the 
horizontal  shear  by  the  vertical  stirrups,  whereas  in  the  last-mentioned  alternative  the 
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vortic.-il  .111(1  hoiizont.il  shvar,  or,  in  otlxT  words,  tli<;  diagonal  tension,  is  counteracted 
hv  th<-  bars  Ix-nt  at  an  anj^le  of  forty-five  degrees. 

The  longitudinal  top  bar  is,  of  course,  necessary  for  the  prejjaration  of  each  unit. 
This  bar  is  very  ust^ful  to  suspend  the  framework  in  the  centering,  and  as  it  is  situated 
in  the  upjx^r  jjortion  of  the  beam  it  increases  the  resistance  to  compression.  The 
upper  en<l  of  the  stirrups  and  shear  members  is  secured  by  means  of  hooks  to  the  toj:) 
bar.  'ibis  precaution  is  in  accordance  with  the  new  rules  of  the  Joint  Committee  of 
tin-  R(.\al  Insititute  of  British  .Architects,  which  state  that  in  every  case  care  should 
be  taken  to  bend  or  otherwise  secure  the  ends  of  the  rods  to  prevent  them  from  slipping 
in  the  concrete.  The  negative  l>ending  moments  in  beams  are  counteracted  by  joint 
bars  of  sufficient  length. 

In  many  of  the  buildings  the  steel  framt-s  of  the  pillars  are  made  horizontally  and 
placed  in  jxisition  in  the  casings  when  required.  These  frames  are  composed  of  main 
bars  bound  together  either  by  A-in.  or  j-in.  wire,  forming  spirals  or  horizontal  ties 
with  a  pitch  of  about  6  in.  The  object  of  these  ties  is  not  so  much  for  strength  as  to 
keep  the  vertical  bars  in  their  proper  position  during  the  concreting. 

Concerning  the  reinforcement  of  rectangular  floor  slabs,  this  is  provided  by  simply 
placing  principal  bars  of  about  i-in.  to  |-in.  diameter  in  the  smaller  spans  and  j-in. 
distributing  rods  at  right  angles  to  the  others,  so  as  to  form  a  mesh,  the  bars  of  which 
are  bent  up  gradually  over  the  beams  in  order  to  resist  contraflexure. 

.\s  previously  mentioned,  round  bars  have  been  used  throughout  because  they  have 
the  advantage  of  feeing  easily  procurable  in  the  open  market,  and  because  this  section 
produces  the  minimum  amount  of  contact  between  the  various  bars  forming  the  units. 
It  is  obvious  that  flat  surfaces  of  contact  between  bars  should  as  much  as  possible  be 
avoided  because  rust  is  likely  to  develop  in  such  places,  and  this  defect  may  ultimately 
become  a  source  of  danger.  Another  reason  for  round  bars  being  favoured  is  that  they 
offer  a  better  surface  of  adhesion  than  any  other  available  section. 

Having  briefly  described  the  general  principles  of  the  reinforcement  used  in  the 
buildings  dealt  with  below,  the  lecturer  put  before  them  a  few  diagrams  showing  the 
two  methods  of  making  steel  frames  for  beams  already  described. 

Tobacco  Warehouse,  Bristol  Docks. — One  of  the  first  large  buildings  with 
which  he  had  to  deal  w  as  the  second  tobacco  warehouse  for  the  Bristol  Docks. 

The  general  dimensions  of  the  structure  are  :  200  ft.  in  length  bv  102  ft.  in  width 
and  about  96  ft.  in  height,  and  there  are  altogether  nine  floors  calculated  for  a  super- 
load  of  i^  cwt.  per  square  foot. 

This  building  is  identical  in  appearance  to  the  first  tobacco  warehouse,  but  the 
inside  is  in  reinforced  concrete  instead  of  being  in  steelwork  with  concrete  floors. 

.Besides  the  advantages  of  fire  resistance  and  economy  which  this  building  offers 
over  the  first  one,  the  internal  accommodation  is  larger  on  account  of  the  walls  being 
only  about  14  in.  in  thickness  throughout  the  height  of  the  building,  instead  of  the 
considerable  thickness  of  brick  walls  required  in  the  first  building.  These  thin  brick 
walls  or  panels  were  supported  at  each  floor  by  lintels,  and  the  building  has  been 
divided  in  two  by  a  partition  in  reinforced  concrete  6  in.   thick. 

The  various  floors  were  arranged  in  such  a  manner  as  to  minimise  the  risk  of  fire 
by  cutting  off  any  particular  floor  from  the  others.  The  level  of  the  floors  is  slightly 
raised  at  all  lift  openings  and  doors,  so  that  it  would  be  possible  to  flood  anv  particular 
floor  with  a  couple  of  inches  of  water  if  required. 

This  warehouse  has  been  erected  on  reinforced  concrete  piles  varying  in  length 
between  40  ft.  and  50  ft.  ;  650  piles  were  retjuired  for  the  foundations.  The  load  coming 
on  each  of  the  internal  pillars  amounted  to  300  tons,  and  it  was  necessary,  in  order  to 
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transmit  this  load  on  to  the  ground,  to  group  six  piles  together,  uniting  the  heads  by 
means  of  a  cap. 

Each  pile  was  calculated  to  stand  a  safe  load  of  56  tons,  and  the  diameters  of  the 
piles  varied  between  14  in.  and  15  in.  The  piles  were  driven  into  the  ground  by  means 
of  a  steam  monkey  weighing  2  tons.  The  particular  pile  shown  on  the  screen  took 
about  three-quarters  of  an  hour  to  drive  to  its  final  set  at  a  depth  of  about  45  ft. 

Buildings  at  Rainliam,  Essex. — Fig.  i  is  a  photograph  of  one  of  several  build- 
ings erected  at  Rainham,  Essex,  for  Messrs.  J.  C.  and  J.  Field,  Ltd.  The  site  is 
situated  on  the  riverside  and  it  is  extremely  marshy,  so  that  the  buildings  had  to  be 
constructed  on  spread  foundations  or  rafts  in  reinforced  concrete.     Reinforced  concrete 


Fig    1.     Reinforced  Concrete  Warehouses  at  Rainham. 

buildings,  being  monolithic  and  lighter  than  brick  or  masonry  work,  are  ven'  well 
adapted  to  cases  where  unequal  settlement  is  likely  to  occur,  especially  when  such 
buildings  are  erected  upon  a  reinforced  concrete  raft. 

Two  Other  Examples.— \  perspective  drawing  of  extensive  premises  erected  in 
the  city  for  Messrs.  J.  Grossmith,  Son  and  Co.,  perfumers,  was  shown.  The  building 
has  altogether  eight  floors,  the  interior  and  roof  being  entirely  in  reinforced  concrete. 
An  interesting  feature  of  the  building  is  that  the  heavy  front  and  side  lintels  are  sup- 
porting the  whole  of  the  brickwork  above. 

.\  photograph  was  shown  of  the  flooring,  during  construction,  for  the  hostel  for 
women  students  at  the  Birmingham  University.  The  total  area  of  flooring  was  approxi- 
mately 13,000  sq.  ft.  These  floors  were  tested  with  a  load  50  per  cent,  in  excess  of 
the  specified  superload,  and  the  deflection  did  not  exceed  a  thousandth  part  of  the  span. 

There  seemed  to  be  a  considerable  difi'erence  of  opinion  between  the  various  methods 
of  stopping  the  concreting  in  floor  slabs,  in  beams,  and  in  pillars.  Personally,  he  was 
of  opinion  that  the  best  method  of  stopping  the  concrete  of  the  floor  slabs  is  to  stop 
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the  work  over  the  beams,  also  that  the  concreting  of  beams  should  be  stopped  over  the 
points  of  support. 

Concerning  the  pillars,  the  footings  should  be  made  first  and  the  body  of  the  pillar 
carried  up  to  the  level  of  the  soffit  of  the  beams,  the  remaining  portion  being  concreted 
at  the  same  time  as  the  beams. 

New  Western  District  Post  Office.— One  of  the  most  interesting  buildings  with 
which  he  had  been  associated  was  the  new  Western  District  Post  Office,  which  was 
erected  about  two  years  ago  under  the  supervision  of  H.M.  Office  of  Works. 

This  building  comprises  a  block  of  200  ft.  frontage  and  160  ft.  in  depth,  with  base- 
ment, ground  floor,  first  and  second  floors,  and  flat  roof. 

One  of  the  chief  features  of  the  building  is  that  the   ends  of  the  principal  beams 


Fi ;    3.     View  of  Interior. 
Factory  at  Bailiffe  Bridge,  Yorks. 


carrying  respectively  the  first  floor,  second  floor,  and  roof  are  suspended  bodily  by 
means  of  strong  steel  stirrups  to  upper  beams  6  ft.  high,  forming  the  internal  walls 
sur'rounding  the  inner  court  above  the  various  floor  levels.  By  this  means  it  was 
possible  to  obtain  a  maximum  height  for  the  windows,  which  was  a  condition  stipulated 
by  the  Office  of  Works.  This  .condition,  however,  brought  about  a  question  as  to 
whether  this  method  of  suspension  could  be  used  without  danger,  the  two  beams  havnig 
a  span  of  39  ft.  and  supporting  the  first  floor  with  a  superload  of  i  cwt.  per  sq.  ft.,  the 
upper  supporting  beam  having  a  span  of  45  ft.  There  was  no  evidence  that  this 
particular  arrangement  had  ever  been  adopted  before,  at  least  for  spans  of  such  large 
dimension.  The  problem  was  solved  in  a  satisfactory  manner,  with  the  result  that  the 
two  suspended  beams,  39  ft.  long  each,  and  the  beams  across  the  inner  court  supporting 
the  skylight,  appear  to  have  been  made  in  one  single  span  of  about  i  iS  ft. 
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Another  noticeable  feature  is  found  in  the  extensive  beams,  over  12  ft.  in  height, 
which  carry  the  other  end  of  the  suspended  beams.  These  12-ft.  beams  have  a  span 
of  45  ft.,  and  it  was  necessary  to  provide  in  the  portion  of  these  beams  underneath  the 
first  floor  a  series  of  large  windows  situated  below  the  neutral  a.\is  of  the  beam,  which 
occurs  approximately  at  the  level  of  the  first  floor. 

Fig  2  is  a  view  of  the  first  floor,  showing  the  extensive  area  of  flooring  without 
any  pillars. 

Factory  at  Bailiffe  Bridge,  Yorks.—Fig.  4  is  a  view  of  a  large  facton.-  erected 
about  eighteen  months  ago  at  Bailiffe  Bridge,  near  Leeds,  for  Messrs.  T.  F.  Firth  and 
Sons,   Ltd.,  carpet  manufacturers. 

The  main  building  is  four  storeys  high  and  176  ft.  long,  with  a  width  at  one  end 
of  70  ft.  and  at  the  other  end  of  iii  ft.,  the  building  being  in  the  shape  of  an  "  L. " 
The  total  floor  area  is  approximately  52,000  sq.  ft.  The  factory  is  built  on  a  very  steep 
incline,  and  to  overcome  difficulties  of  levels  on  the  site  from  the  ground  to  first  floor 
a  retaining  wall  16  ft.  high  was  constructed  in  reinforced  concrete.  The  staircases 
throughout  the  building  are  also  in  this  material. 

Fig.  3  shows  the  interior  of  one  of  the  floors  with  a  central  row  of  pillars,  the 
span  of  the  main  beams  being  35  ft.  It  will  be  noticed  that  the  main  beams  have 
been  arranged  parallel  to  the  windows  in  order  to  get  the  maximum  amount  of  light  for 
weaving  purposes. 

Moaey  Order  Office,  Holloway . —  Fig.  5  is  the  front  elevation  in  reinforced 
concrete  of  the  new  Holloway  Money  Order  Department,  which  is  the  latest  of  a 
series  of  large  buildings  for  the  extension  of  post-office  facilities  in  London,  under  the 
instructions  of  H.M.  Office  of  Works. 

The  entire  construction,  with  the  exception  of  the  front  wall  elevation,  is  in  rein- 
forced concrete.  The  building  is  in  the  shape  of  an  "  E."  The  total  length  of  the 
front  measures  approximately  292  ft.  and  the  depth  of  the  main  body  about  50  ft.  The 
three  wings  measure  respectively  88  ft.  by  42  ft.,   10 1  ft.  by  42  ft.,  and  76  ft.  by  42  ft. 

The  building  is  composed  of  a  basement,  five  reinforced  concrete  floors,  and  a  flat 
roof  in  the  same  material.  There  are  also  a  large  number  of  intermediate  floors  in 
the  main  body,  which  are  used  for  cloak-rooms.  The  total  height  of  the  structure  from 
the  ground  level  to  the  roof  is  approximately  85  ft.,  and  all  the  stairs  and  balconies 
are  in  reinforced  concrete. 

The  superload  on  the  various  floors  was  only  |-  cwt.  per  sq.  ft.,  and  the  floors  were 
tested  by  means  of  piling  up  bricks  to  a  sufficient  height  to  produce  a  superload  of  about 
i\  cwt.  per  sq.  ft.  There  was  no  permanent  deflection,  and  the  results  of  the  tests 
were  considered  satisfactory. 

VVhils-t  dealing  with  the  question  of  superloads,  he  would  like  to  mention  that  it 
has  been  his  experience  that  architects  and  engineers  are  inclined  to  specify  superloads 
which  are  obviously  far  more  considerable  than  what  is  really  necessary.  This  is  pro- 
bably due  to  the  fact  that  in  many  cases  reinforced  concrete  is  a  novelty  to  them,  and 
by  specifying  a  comparatively  high  superload  they  hope  to  guard  themselves  against 
failure  of  the  work.  It  is  wejl  established,  however,  that  any  failures  which  have 
occurred  have  been  due  either  to  the  premature  removal  of  props  and  centering,  or, 
in  a  few  isolated  cases,  to  faulty  design,  so  that  in  reality  nothing  is  gained  in  security 
by  specifying  a  higher  superload  than  is  required. 

In  the  case  of  this  building  the  Office  of  Works,  who  are  thoroughly  acquainted 
with  the  use  of  reinforced  concrete,  have  not  hesitated  to  specify  a  superload  of  |  cwt. 
per  sq.  ft.,  which  is  quite  ample  for  their  requirements,  and  which  has  the  advantage, 
of  course,  of  being  economical. 
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(iovernment  Buildings,  Jamaica. — A  ver\-  large  amount  of  reinforced  concrete 
work  has  In-en  carrit-d  cul  during  the  last  two  j'ears  in  Jamaica. 

Fig.  6  is  a  photograph  of  the  new  (iovernment  buildings  erected  at  Kingston, 
Jamaica,   for  the  Government. 

This  large  building,  which  is  enlirelv  in  ninforced  concrete,  contains  the  General 
Post  OlTiee  and  ihr  Treasury.  The  dimensions  of  the  Post  Office  building  are  121  ft. 
l)y   132  ft.,   and  the  'I'reasury   1X7  ft.  by  88  ft. 


Front  elevation  in  reinforced  concrete,  ready  to  receive  the  masonry  walls. 
The  New  Money  Order  Office,  Holloway. 


In  preparing  the  design  the  architects  had  to  consider  the  question  of  earthquakes, 
and  consequently  the  foundations  of  these  buildings  have  been  constructed  in  such  a 
manner  as  to  offer  the  least  possible  obstruction  to  shocks  or  movements  of  the  ground. 
ITie  foundation  is  practically  in  the  form  of  an  immense  raft  composed  of  strong  slabs 
and  beams,   the  latter  uniting  the  various  footings  of  the  pillars. 
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Th<'  supers tr net ui<-  is  of  tli«-  ty|)<'  usually  .'K]oj)tC'cl  in  hot  climates,  with  spacious 
vorantlahs  and  colonnacies.  'ihc  scantlings  of  thr  pillars  vary  Ixtween  24  in.  and  i,S  in., 
and  sonio  of  th<\se  an-  octaj^onal  in  shape. 

The  avera<*e  span  of  the  Ix-ams  supporting  the  roof  is  20  ft.  and  the  average  thick- 
ness of  the  slabs  is  4  in.  The  superload  on  first  and  second  floors  is  150  lb.  per  st|.  ft., 
and  the  roof  was  calculated  for  .S4  It),  per  sq.  ft. 

The  new  King's  House  at  Kingston,  Jamaica,  was  carried  out  simultaneously  with 
the  one  previously  described.  The  foundations  were  also  made  by  means  of  a  raft, 
and,  in  f.ict,  th«'  sanu'  tvpr  of  construction  was  adopted  as  for  the  public  buildings. 

Various  Other  Structures. —  The  lecturer  showed  a  photograph  of  a  foot-bridge 
erected  on  the  Thames  bank  at  Erith  for  the  Erith  Oil  Works,  Ltd.  The  total  length 
of  the  work  is  approximately  150  ft.,  with  a  width  of  about  6  ft. 

.\nolher  illustration   was  shown  of  a  foot-bridge  at   Higham-Hellesdon,    the    total 


Fis.  7.    View  of  finished  bridge. 
Reinforced  Concrete  Bridge  at  Struy-by-Beauly. 


length  of  which  is  approximately  340  ft.,  with  a  width  of  7  ft.  It  was  buih  on  fifty  piles 
13  ft.  long  each. 

Fig.  7  is  a  view  of  a  road-bridge  erected  at  Mauld,  near  Inverness.  The  total 
length  of  the  bridge  is  iSo  ft.,  with  a  width  of  12  ft.  between  parapets.  Four  of  the 
spans  measure  35  ft.,  and  the  remaining  span  measures  45  ft.  The  foundations  of 
the  piers  were  made  by  driving  a  certain  number  of  reinforced  concrete  piles  in  the  bed 
of  the  river,  encasing  these  in  a  solid  block  of  concrete. 

Another  bridge  shown  was  one  of  the  two  erected  for  the  Powell  Duffrvn  Steam 
Coal  Co.,  Ltd.,  under  the  supervision  of  their  engineer,  Mr.  J.  M.  Greenhow. 

This  bridge,  which  is  of  the  bow-string  type,  is  calculated  to  carry  two  lines  of 
railway  with  locomotives  weighing  50  tons  and  wagons  19  tons  each.  The  bridge  is 
built  on  the  skew,  the  dimensions  being  56  ft.  9  in.  in  span,  with  a  width  of  26  ft.  8  in. 
and  a  height  of  bow-string  beam  of  13  ft.  3  in. 
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The  remarkable  feature  of  this  bridge  is  that  it  has  been  constructed  underneath 
and  on  both  sides  of  an  existing  steel  bridge,  which  had  become  unsafe  owing  to 
corrosion  produced  by  the  fumes  of  sulphur  and  ammonia.  The  advantages  of  rein- 
forced concrete  in  such  cases  are  obvious.  The  reinforced  concrete  bridge  was  first 
allowed  a  sufficient  time  to  harden  and  was  then  ready  for  service  on  the  removal  of 
the  existing  steel   bridge,   which  operation    was  carried  out  in  forty-eight  hours. 

An  elevated  tank  was  also  erected  for  the  same  mining  companv.  The  general 
dimensions  of  the  tank  are  loo  ft.  long,  32  ft.  wide,  and  5  ft.  3  in.  high. 

The  remarkable  feature  of  this  tank  is  that  although  the  inside  was  not  rendered 
it  is  perfectly  watertight.  This  is  due  to  the  fact  that  the  aggregate  was  very  carefullv 
graded,  and  also  on  account  of  the  height  of  the  water  being  only  5  ft. 


Side  iji    Pier.  A   Pile. 

F'm.  8.     Reinforced  Concrete  Underpinning  of  the  West  Pier.  Newh.wen. 

.A  photograph  showing  the  underside  of  the  large  bunker  erected  at  Kinlochleven 
for  the  British  .\luminium  Co.,  Ltd.,  was  put  on  the  screen. 

The  total  capacity  of  this  large  bunker  was  over  80,000  cu.  ft.  The  main  feature 
of  this  enormous  work  is  the  suspended  hopper,  which  has  been  calculated  to  carry  a 
total  load  of  about  2,000  tons  in  addition  to  its  own  dead  load. 

■  This  bunker  is  divided  up  into  a  certain  number  of  transverse  compartments 
forming  large  suspension  beams,  carrying  the  horizontal  beams  and  inclined  panels  of 
the  hoppers.  In  this  manner  the  entire  space  underneath  the  bunkers  is  free  for 
conveyors  and  other  machinery. 

Fig.  8  is  a  view  of  the  West  Pier,  Xewhaven,  which  has  been  underpinned  by 
means  of  about  700  reinforced  concrete  piles. 

It  was  found  necessarv'  to  replace  the  old  wooden  piles  supporting  the  concrete 
work  on  account  of  the  decayed  condition  of  the  wood.  The  reinforced  concrete  piles— 
or,  more  accurately,  sheet  piles— were  16  in.  by  16  in.  in  section,  and  some  of  the 
longest  piles  measure  52  ft.  over  all.     They  were  driven  by  means  of  a  steam  monkey 
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weighing  2  tons.  Some  of  the  piles  were  driven  a  considerable  distance  into  the  hard 
chalk,  which  is  a  proof  of  the   strength  of  reinforct^d  concrete  piles. 

Another  view  shown  was  of  a  wharf  recently  constructed  at  Portslade.  The  work 
is  composed  of  piles  and  sheet  piles  connected  by  means  of  beams  and  supporting 
reinforced  concrete  panels  held  in  position  by  means  of  tie  beams  and  concrete  anchor 
blocks. 

The  main  piles  are  12  in.  by  12  in.,  with  a  length  of  25  ft.  These  piles  were 
driven  15  ft.  centres,  the  intervening  space  being  made  up  with  sheet  piles  22  ft.  long, 
having  a  sectional  area  of  6  in.  by  18  in.  The  remarkable  feature  of  this  work  is 
that  the  piles  and  sheet  piles  had  to  stand  very  heavy  blows  owing  to  an  exceedingly 
hard  stratum  of  ground  through  which  they  had  to  be  driven. 

He  had  endeavoured  in  the  various  examples  of  work  placed  before  them  to 
illustrate  all  the  various  uses  of  reinforced  concrete — namely,  for  floors,  beams,  pillars 
and  walls,  spread  foundations,  also  foundations  by  means  of  piles,  bridges,  bunkers, 
water-tanks,  and  finally  marine  works. 

He  would  now  conclude  by  saying  that  the  object  of  this  paper  had  been  to  show 
how  certain  practical  diflficulties  might  be  solved  in  reinforced  concrete  construction, 
and  it  was  his  hope  that  some  of  the  works  put  before  them  that  night  would  still 
further  strengthen  the  confidence  which  English  architects  and  engineers  are  showing 
in  this  comparatively  new  method  of  construction. 
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By  PERCY  C.  H.  WEST. 


In  our  May,  /'//,  issue  lue  pablishea  a.n  article  by  Mr.  Percy  West  on  "  The  DiUtation 
of  Cement  and  Concrete,  "  and  belotv  nve  present  a  further  article  by  him  dealing  luith  this 
subject,  tuhich  claims  atteniio",— ED. 


In  a  recent  issue  a  review  of  the  work  published  with  reference  to  the  expansion 
and  contraction  of  cement  and  concrete  was  g-iven.  Since  then,  however,  some 
further  matter  of  an  extremely  interesting-  character  relating  to  this  important 
question  has  been  made  public  by  Mr.  A.  S.  Goldbeck,  of  the  United  States 
Office  of  Public  Roads.  This  work  possesses  an  especial  value,  in  that  concrete 
test-pieces  were  used  instead  of  the  Standard  Mortar  and  Xeat  Cement  test- 
pieces  employed  by  most  other  investigators.  The  materials  of  which  the 
concretes  were  prepared  consisted  of  Portland  cement,  river  sand,  and  crusher- 
run  Gneiss.  The  test-pieces  were  of  square  section,  of  8-in.  side,  and  were 
::;  ft.  long-.  In  these  prisms  iron  rods,  ii  in.  long  by  \  in.  diameter,  were 
embedded  50  in.  apart.  To  these  rods,  rounded  conical  piugs  were  secured, 
and  the  measurements  were  taken  from  these  fixed  points  by  means  of  a  Brown 
and  Sharp  micrometer,  held  at  one  end  of  a  rectang-ular  frame  formed  of  two 
steel  bars,  \  in.  in  diameter,  connected  by  means  of  square-sectioned  yoke- 
pieces. 

The  initial  readings  were  taken  as  soon  as  the  bars  were  sufficiently  hard 
to  be  removed  from  the  moulds.  "  The  measurements  were  in  all  cases  made 
between  a  temperature  of  20°  and  24°  Centigrade,  a  thermometer  being 
inserted  in  a  hole  moulded  in  the  test-pieces  and  another  hung  alongside.  The 
slight  variations  in  temperature  were  compensated  for,  and  the  readings  reduced 
to  20°,  Professor  Norton's  coefficient  of  0-0000099  being  used.  As  previously 
noticed,  this  figure  agrees  closely  with  the  results  of  Keller  and  Pence. 

Mixtures  gauged  with  different  percentages  of  water  were  tested,  those 
classed  as  "  \'ery  Dry  "  being  mixed  witli  8-5  per  cent,  and  the  wet  mixtures 
with  10-12  per  cent,  of  water. 

The  results  obtained,  wheh  plotted,  gave  fairly  smooth  curves  with  but  few 
manor  irregularities.  From  these  smoothed  curves  the  following  figures  are 
derived.  The  test-pieces  exposed  to  air  in  all  cases  showed  a  contraction,  the 
rate  of  contraction  decreasing  with  age  until  at  three  months  it  became  very 
small.  It  was  found  that  the  dry  mixtures  showed  a  greater  contraction  than 
did  the  wetter  mixtures.  It  must,  however,  be  remarked  that  the  differences 
observed  were  slight. 
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Contraction  of  Coxcrkte   lixi'OSEi)  to  Air  (Golubeck) 


Dry. 


1:2:4 
Wet. 


1:3:6 
Dry. 


1:3:6 
Wet. 


lo  (lavs 

0-00015 

o-oooio 

o-oooio 

O-OOOIO 

15  .. 

0-0002I 

0-00015 

0-00016 

0-00015 

20   ,, 

0-00025 

0-00021 

0-00027 

0-00020 

30   .. 

0-00033 

0-00030 

0-00038 

0-00027 

60   ,, 

0-00048 

0-00045   1 

0-00052 

0-00041 

90   ,. 

0-00052    1 

n.d. 

n.d. 

n.d. 

1 20   ,, 

0-f10052 

1 

n.d. 

n.d. 

n.d. 

Schiile  (1909)  has  published  a  lengthy  series  of  tests  of  a  similar  type 
extending  over  a  period  of  one  and  a  half  years,  and  it  is  of  interest  to  com- 
pare his  results  with  those  obtained  by  Goldbeck.  The  concretes  tested  by 
Schiile  were  composed  of  150  kg.  of  cement  to  one  cu.  metre  of  aggregate, 
roughly  i  :  10;  300  kg.  of  cement  to  one  cu.  metre,  i  :  5 ;  and  450  kg.  of 
cement  to  one  cu.  metre,  i  :  3'3.  The  results  are  tabulated  below.  As  will 
be  observed,  there  are  a  number  of  minor  irregularities,  but  by  plotting  the 
results  the  general  course  of  the  contraction  can  be  followed.  There  is  a  fairly 
sharp  decrease  in  length  up  to  the  age  of  three  months,  after  which  the  rate  of 
decrease  is  much  slower,  and  at  between  four  and  six  months  the  length  remains 
nearly  constant. 

Contr.\ction  of  Concrete  Exposed  to  Air  (Sch'Jle). 


Composition. 

450  kg. 

Cb.  M. 

300  kg. 

Cb.  M. 

150  kg. 

Cb.  M. 

Cement. 

Z. 

V. 

'     Z. 

1     V. 

Z. 

V. 

4  days 

0-000135 

0-000003 

0-000012 

0-000063 

0-000105. 

0-000042 

7  -• 

0-000054 

O-OOOIII 

0-000093 

i  0-000105 

0-000195 

0-000123 

28  ,, 

0-000465 

0-000390 

0-000357 

0-000330 

0-000378 

0-000351 

84  ,. 

0-000453 

0-000390 

0-000342 

0-000312 

0-000393 

0-000369 

210  ,, 

0-000426 

0-000393 

0-000327 

0-000321 

0-000285 

0-000309 

I  \'ear 

0-000591 

0-000558 

0-000420 

0-000429 

0-000414 

0-000414 

i^   ,, 

0-000543 

0-000504 

0-000408 

1  0-000378 

0-000417 

0-000402 

Schiile's  results  are  in  \cry  fair  agreement  with  those  obtained  by  the 
Ecole  des  Fonts  et  Chaussees,  and  to  w'hich  reference  was  made  in  the  previous 
article.  Correcting  the  figures  there  given,  for  alteration  in  length  due  to 
change  of  temperature,  the  coefficient  0*0000099  being  used,  we  get  : 

3  days  12  days  30  days  47  days  93  days  147  days 

O'OOOOO  O'OOOll  0"n0021  0-00022  0'00034  0-00039 

These  results  were  obtained  with  a  mixture  of  300  kg.  of  Portland  cement 
to  0-4  cu.  metres  of  Seine  sand  passing  the  5  mm.  screen,  and  0-8  cu.  metres 
of  shingle  passing  the  25  mm.  screen.  Schiile's  aggregate  was  composed  of 
one  part  of  sand  to  two  parts  of  stone.  The  stone  was  from  8  to  12  mm.  in 
diameter  and  the  sand  averaged  2  mm.  The  compositions  of  the  concretes  are 
not  strictly  comparable,  but  in  actual  work  a  number  of  factors  tend  to  affect 
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the  character  of  the  concrete  :•  minor  variations  in  the  grading  of  the  stone, 
variations  in  the  amount  of  water  employed  in  the  mixing  being  two  of  many. 
The  strict  application  of  an  extremely  accurate  figure  obtained  from  laboratory 
work  is,  therefore,  probably  of  little  more  value  than  an  approximation  arrived 
at  from  a  study  of  results  obtained  from  a  number  of  investigators  working 
under  slightly  different  conditions.  The  following  figures  are  thus  derived,  and 
may  prove  of  value  in  calculations  : 

Contraction  of  Concrete  Exposed  to  Air. 


1  Month. 


3  Months. 


1  Year. 


lA  Years. 


Maximum 
Minimum 
Average 
Difference 


0-00036 

0-00022 

0-00029 
0-00007 


0-00032 
0-00034 
0-00043 
0-00009 


0-00052 
0-00040 
0-00046 
0-00006 


0-00054 
0-00042 
0-00048 
0-00006 


It  has  already  been  remarked  that  the  wetter  the  mixture  the  lower  is  the 
expansion.  The  poorer  concretes  exhibit  less  contraction  than  do  those  richer 
in  cement.  Goldbeck's  1:3:6  mixture  exhibited  only  o'g  times  the  contraction 
of  the  1:2:4  mixture.  The  150  kg.  of  cement  to  one  cu.  metre  of  aggregate 
mixture  tested  by  Schiile  gave  a  contraction  of  approximately  o'77  of  that 
exhibited  by  the  450  kg.  per  cu.  metre  concrete.  It  would  be  expected  that 
the  300  kg.  mixture  would  exhibit  a  contraction  falling  between  the  above,  but 
from  the  figures  given  it  appears  that  the  contraction  is  the  same  as  that  of 
the  150  kg.  mixture. 

THE    EXPANSION    OF    CONCRETE    WHEN    IMMERSED    IN    WATER. 

Goldbeck  determined  the  eftect  of  keeping  the  test-pieces  continuously 
moistened  during  the  first  fifteen  days  of  the  hardening  period,  and  found  that 
in  all  cases  there  was  an  expansion,  followed  by  a  contraction  on  drying  out. 
The  contraction  at  ninety  days  approached  in  magnitude  that  which  would  have 
resulted  if  the  test-pieces  had  been  exposed  to  the  air  during  the  whole  of  the 
period.  In  fact,  he  concluded  that" the  contraction  is  only  delayed  by  the  treat- 
ment. Schumann  came  to  a  precisely  similar  result  in  his  early  work,  and 
also  found,  as  Goldbeck  has  done,  that  on  wetting  the  concrete  or  mortar  there 
is  an  expansion  followed  by  a  contraction  on  drying  out — a  phenomenon 
observed  also  with  timber,  brick  and  stone. 

If  the  specimen  was  kept  continuously  wet,  Goldbeck  found  that  the  test- 
piece  exceeded  its  original  length.      His  results  do  not  extend  beyond  sixty  days. 

Concrete  Immersed  in  Water  (Goldbeck). 


Composition. 

Water. 

10  Days. 

15  Days. 

20  Days. 

30  Days. 

60  Days. 

1:2:4 

10-12°/ 

0-00005 

0-00005 

0-00006 

0-00005 

0-000025 

It  is  of  interest  to  compare  Schiile's  results  with  those  given  above.  As 
in  the  case  of  the  results  of  the  same  investigator  with  regard  to  prisms  exposed 
to  air,  the  work  extends  over  a  period  of  a  year  and  a  half.  The  most  obvious 
feature  brought  out  by  these  investigations  is  the  marked  difference  between  the 
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expansion  exhibited  by  the  450  kg.  mixture  and  the  corresponding  figures  of 
the  150  mixture.  In  the  latter  case  the  expansion  is  only  20  per  cent,  of  the 
former,  whereas  with  the  test-pieces  exposed  to  air  the  contraction  of  the  poorer 
mixture  was  nearly  80  per  cent,  of  that  shown  by  the  richer  concrete.  Another 
point  which  is  most  noticeable  is  the  relatively  high  expansion  exhibited  by 
the  cement  "  Z  "  in  the  300  kg.  concrete.  In  degree  this  expansion  nearly 
equals  that  of  the  450  kg.  mixture. 

Expansion  of  Concrete  Immersed  in  Water  (Schule). 


Comi)ositioii. 

450  kgs.  Cb.  M. 

300  kgs 

Cb    M. 

150  kgs 

Cb.  M. 

Cement. 

Z.          '          V. 

Z. 

V. 

Z. 

V. 

4  days 

o-ooooiS     0-000015 

0-000063 

0-000048 

0-000006 

0-000009 

7     .. 

0-000054     0-000087 

0-000150 

0-000069 

0-000027 

0-000033 

28     „ 

0-000096    0-000024 

0-000150 

0-000057 

0-000000 

0-000021 

84     .. 

0-000171     0-000177 

}  0-000093 

0-000093 

0-000045 

0-000042 

210     ,, 

0-000276     0-000207 

i  0-000174 

O-OOOIII 

0-000039 

0-000030 

I  year 

0-000225     0-000186 

0-000207 

0-000129 

0-000042 

0-000030 

i^     ,, 

0-000225     0-000270 

0-00020I 

0-000I22 

0-000039 

0-000015 

It  is  not  easy  in  this  case  to  derive  any  coeflficient  which  would  be  of  value. 
No  help  is  obtained  by  comparing  Goldbeck's  figures  with  these;  nor  from  the 
results  of  the  Ecole  des  Fonts  et  Chaussees.  Correcting  for  temperature  the 
figure  published  by  this  institution  (coefficient  o'ooooocig  per  degree  Centigrade), 
we  obtain  the  following  : 

30  days  47  days  93  days  149  days 

0-000025  0-000025  -0-00001  -Q-OOOOl 

This  matter  is  one  upon  which  more  information  is  needed,  and  it  is  to  be 
hoped  that  some  further  investigations  in  this  connection  will  be  made  in  the 
near  future. 

THE  EFFECT  OF  REINFORCEMENT  ON  THE  EXPANSION  AND 
CONTRACTION  OF  CEMENT  AND  CONCRETE. 

So  far,   only  the  variation  in  length  of  unreinforced   test-pieces   has  been 

referred    to.      Goldbeck    has    published    nothing   in    connection    with    reinforced 

specimens.       In    a    previous    article    the    results    of    the    Ecole    des    Fonts    et 

Chaussees   were   given,    and,    corrected    for   change    in    temperature,    they    are 

repeated  below  : 

Contraction  of  Concrete  Test-pieces  Exposed  to  Air  (Paris). 
Concrete  300  kgs.  C  :  0.4  cb.m  S  :  0.8  cb.m.  Stone. 


- 

U 

nreinforced. 

Reinforced  2% 

Reinforced  2' 5% 

14  days    . 

. 

O-OOOII 

0-00015 

0-00014 

30     ..       - 

. 

0-00021 

0-00025 

0-00021 

47     ..       • 

...    1 

0-00022 

0-00025 

0-00020 

93      ..        ■ 

. 

0-00034 

0-00036 

0-00031 

150     ..       • 

...    I 

0-00039 

0-00036 

0-00041 

5  + 
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F"rom  these  results  it  would  appear  that  reinforcement  had  no  effect  upon 
the  contraction  of  concrete  exposed  to  air.  Entirely  otherwise  are  the  results 
of  Schiile,  who  tested  a  series  of  reinforced  mortars.  He  found  that  the  con- 
traction of  a  1  :  3  mortar  reinforced  to  the  extent  of  r22  to  2-4  per  cent,  was 
roughly  speaking,  only  one-half  as  great  as  that  exhibited  by  the  unreinforced 
specimens.  The  reinforcement  appears  to  have  a  greater  effect  on  the  expan- 
sion of  test-pieces  immersed  in  water,  reducing  the  expansion  in  one  instance 
to  one-quarter  of  that  exhibited  by  the  unreinforced  test-piece,  with  a  reinforce- 
ment of  2'4  per  cent.  The  actual  figures  are  given  below,  and  from  them  it 
will  be  observed  that  the  cement  "  V,"  with  a  reinforcement  of  i'2  per  cent., 
exhibits  practically  the  same  expansion  as  the  unreinforced  mortar ;  with 
2'4  per  cent,  reinforcement  the  expansion  is  reduced  to  a  most  marked  extent. 

The  effect  of  reinforcement  on  the  expansion  and  contraction  of  concrete  or 
mortar,  due  to  changes  in  its  degree  of  humidity,  is  therefore  in  need  of  further 
investigation.  So  far,  it  appears  impossible  to  derive  any  general  rules  relative 
to  this  question. 

Contraction  of  IMortar  Exposed  to  Air  (Schule). 


Unreinforcement. 


Reinforcement  1-22%     '     Reinforcement  2-41% 


Cem-rnt. 


V. 


7  days 

1  0-000096 

0-000132 

0-000060 

0-000084 

0-000117 

0-000117 

28  „ 

0-000498 

0-000510 

0-000363 

0-000318 

0-000294 

0-000351 

84  „ 

o-ooo66o 

0-000738 

0-000366 

0-000366 

0-000348 

1  0-000276 

210  ,, 

0-000642 

0-000741 

0-000144 

0-000420 

0-000273 

0-000210 

I  vear 

0-000867 

0-000996 

0-000384 

0-000534 

0-000432 

0-000369 

li  ,, 

0-000774 

0-000840 

0-000333 

0-000492 

0-000351 

0-000351 

Expansion  of  Mortar  Immersed  in  Water  (Schule) 


- 

Unreinforcement. 

-  Reinforcement,  l-22'/o     Reinforcement,  2'41% 

Cement. 

Z.    '     V. 

Z.     1     V.         Z.         V. 

7  days 

28   „' 

84   ,. 
210 
I  year 

O-OOOI4I   0-000072 
0-000261   0-000132 
0-000306  0-000168 
0-0003^:15   0-000240 
0-000330  0-000249 
0-000342   0-000282 

0-000081   0-000042   0-000033   —0-000045 
0-000144  0-00017I   0-000150   —  0-000015 
0-000231  0-000174  1  0-000135   ^-o-oooo66 
0-000294  0-000201  o-oooi8o    0-000030 
0-000267  0-000186  i  0-000150    0-000051 
0-000249  0-000237  0-000150    0-000072 
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//  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method ive  are  adopting,  of  dividing  the  subjects  into  sections,  is,  "we  believe,  a 
neiv  departure. — ED. 


INSTITUTE  OF  CHEMISTRY. 

CEMENT. 

By  BERTRAM  BLOUNT.  F.l.C. 

Mr.  Bertram  Blount  delivered  his  second  lecture  o)i  "  Cenieiit  "  at  King's  College  on 
Friday,  December  ist,  Professor  Raphael  Meldola,  F.R.S.,  Vice-President,  i>ccupying 
the  chair. 

Proceeding  to  the  moix'  practical  details  of  his  subject,  Mr.  Blount  pointed  out  that, 
owing  to  our  limited  knowledge  of  the  chemistry  of  cement,  it  is  necessary  to  resort  to 
tests  of  a  physical  and  mechanical  nature  in  order  that  the  user  may  be  able  to  satisfy 
himself  that  the  product  he  employs  will  meet  the  demands  laid  upon  it.  From  their 
very  nature,  such  tests  must  be  arbitrary,  and,  to  ensure  uniformity,  they  must  be 
carried  out  under  standard  conditions  which  will  satisfy  the  requirements  of  the  con- 
sumer and  not  lay  too  heavy  a  burden  on  the  producer.  Mr.  Blount  was  assisted  by 
Mr.  Gillett,  who  demonstrated  the  method  of  mixing  the  cement  to  be  examined,  on 
which  so  much  of  the  reliability  of  the  tests  depends — a  point  which  was  illustrated  by 
the  stor}-  of  a  firm  who  undertook  to  subject  a  cement  to  mechanical  tests  and  re- 
ported that  a  briquette  had  been  made  and  had  been  found  to  contain  a  large  number 
of  voids.  Since  cement  is  not  deliberately  used  under  tension,  it  would  appear  at  first 
sight  to  be  more  logical  to  appraise  its  mechanical  strength  by  compressive  rather 
than  tensile  tests;  but,  as  all  the  tests  are  merely  used  as  a  basis  for  comparison,  and 
the  errors  inherent  in  compression  tests  largely  invalidate  the  results,  it  has  become 
customan,-  to  omit  them  in  favour  of  tensile  tests  of  either  the  neat  cement  or  of 
mixtures  of  cement  and  sand  of  a  given  degree  of  fineness.  Much  prominence  has  been 
given  to  the  advantage  of  testing  mixtures  of  cement  and  sand  on  the  ground  that 
such  a  method  approximates  more  closely  to  the  conditions  obtaining  in  actual 
practice;  whilst,  on  the  other  hand,  it  can  equally  be  urged  that  the  sand  prescribed 
by  any  standard  specification  will  differ  widely  both  in  size  and  shape  from  the  aggre- 
gate usually  employed  on  a  commercial  scale. 

For  the  user  of  cement  the  question  of  soundness — i.e.,  the  propertv  of  remaining 
constant  and  unalterable  in  value — must  always  be  of  paramount  importance,  and 
justifies  the  decision  of  the  British  Standards  Committee  in  adhering  to  the  sample 
Le  Chatelier  test,  which  has  not  infrequently  been  subjected  to  severe  and  rather 
adverse  criticisms  in  some  countries. 

The  methods  prescribed  in  the  Standard  specifications  of  to-dav  are  virtuallv  the 
same  as  those  laid  down  some  seven  years  ago,  and  the  quality  and  uniformity  of  the 
modern  product  have  been  so  well  maintained  that  almost  the  omlv  alterations  have 
been  in  the  direction  of  increased  stringency,  without  thereby  laving  an  unreasonable 
task  upon  the  producer.  The  information  obtained  from  the  ordinarv  phvsical  and 
mechanical  tests  is  sufficient  for  all  practical  purposes,  and  probabh'  will  not  be 
usefully   augmented   until   some   methods   are   devised   for  determining   the   proximate 
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composition  of  cement  and  the  setting  time  of  concrete.  That  the  former  of  these 
has  not  yet  been  realised  is  shown  by  the  fact  that,  in  spite  of  numerous  attempts, 
no  reliable  method  exists  of  ascertaining  the  content  of  so-<;alled  "  free  lime  "  in 
cement. 

Turning  to  the  economic  side  of  the  subject,  it  was  pointed  out  that,  mainly  through 
the  introduction  of  the  rotary  kiln,  the  cost  of  production  of  Portland  cement  'had 
been  so  far  reduced  as  to  render  possible  the  application  of  the  material  to  uses  in 
which  lime  had  previously  held  the  field ;  so  that  at  the  present  time  a  limit  can  hardly 
be  set  to  its  sphere  of  usefulness.  It  was  shown  that,  whilst  theoretically  concrete 
should  weigh  about  162  lb.  per  cu.  ft.,  the  figure  found  in  practice  rarely  exceeds 
140  lb.  ;  or,  in  other  words,  about  14  per  cent,  consists  of  voids — ^a  fact  not  to  be 
ignored  by  engineers.  This  consideration  at  once  suggests  the  possibility  of  increased 
economy  in  construction  by  using  every  endeavour  to  make  concrete  denser  and  conse- 
quently more  eflficient.  Not  only  may  a  saving  of  material  be  effected  thereby,  but 
a  further  advantage  is  gained  from  the  fact  that  the  denser  product  will  be  less  pervious, 
and  better  able  to  resist  the  action  of  water.  It  must  be  borne  in  mind  that  water 
continually  exerts  a  solvent  action  on  cement,  and  it  is  obvious  that  the  life  of  the 
concrete  depends  in  a  large  degree  on  its  power  of  resisting  penetration. 

For  structures  of  concrete  exposed  to  the  action  of  water  the  liberal  use  of  cement 
is  an  obvious  means  of  securing  imperviousness ;  but  the  employment  of  some 
substances — f.^.,  of  the  puzzolanic  class — which  will  combine  with  the  hydrated  lime 
set  free  in  the  process  of  setting  of  cement  is  perhaps  not  so  common.  In  the  selection 
of  a  suitable  aggregate  not  only  must  its  texture  be  taken  into  consideration,  but 
also  the  possibility  of  any  chemical  action  that  it  mav  exert  in  the  concrete ;  thus 
debris  containing  sulphates  or  easily  decomposable  silicates  is  unsuitable.  So  much 
has  been  said  of  the  danger  of  "  magnesia  in  cement  "  that  the  amount  allowed  has 
been  reduced  to  quite  a  low  figure.  Undoubtedlv  there  has  been  considerable  confusion 
over  this  point ;  the  presence  of  magnesium  compounds  in  structures  that  have  failed 
under  sea-water  conditions  was  really  due  not  to  the  presence  of  magnesium  compounds 
in  the  original  cement,  but  to  the  formation  of  magnesium  hydroxide  by  the  reaction 
of  the  magnesium  salts  in  sea  water  with  the  lime  compounds  of  the  cement. 

After  thus  outlining  a  few  of  the  intricate  problems  that  may  be  presented  to  the 
technical  adviser,  Mr.  .Blount  sketched  out  a  course  of  training  for  those  who  intended 
to  specialise  in  the  subject.  After  a  broad  elementary  education,  he  insisted  on  a 
sound  general  knowledge  of  chemistry,  supplemented,  if  possible,  by  some  mechanical 
and  engineering  training,  before  attempting  to  proceed  to  a  post-graduate  training  in 
the  chemistrv-  of  cement.  This  should  be  gained  in  a  laboratory  within  easy  reach  of 
some  centre  of  the  industry  where  access  to  works  can  be  obtained,  in  order  that  the 
student  may  be  able  to  free  himself  from  the  small  details  of  laboratory  practice  and 
grasp  the  broad  principles,  technological  and  economic,  that  underlie  success  in  any 
chemical  manufacture. 

In  conclusion,  Mr.  Blount  briefly  reviewed  the  present  position  of  our  knowledge 
of  the  chemistry  of  cement,  and  paid  a  high  tribute  to  the  valuable  results  achieved 
many  years  ago  by  Le  Chatelier,  which  remain  but  slightly  modified  to-day. 


NOTTINGHAM  ARCHITECTURAL  SOCIETY. 

REINFORCED    CONCRETE. 

Paper  by  MR.  HARRY  BURKE. 

At  their  meeting  on  Tuesday.  November  2jst,  the  Architectural  Society  of  Nottingham 
invited  the  Nottingham  and  district  master  builders  to  hear  a  Paper  by  Mr.  Harry 
Burke,  C.E..  of  Manchester,  on  "Reinforced  Concrete."  The  President,  Mr.  Evans. 
b.R.l.B.A.,  occupied  the  chair,  and  there  was  a  large  attendance. 

Mr.  Burke,  who  has  had  considerable  experience  in  the  design  and  erection  of 
work  generally  in  reinforced  concrete,  directed  his  remarks  at  the  outset  to  the  com- 
parison between  the  architect's  and  the  consulting  engineer's  position  and  that  of  the 
engineer  for  the  various  reinforced  concrete  systems,  stating  that  the  time  had  come 
when  both  the  engineer  and  the  architect  should  be  in  a  position  to  examine  in  detail 
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any  design  sent  and  become  master  over  the  work  whilst  in  progress,  which  would 
ensure  a  thorough  understanding  and  give  him  confidence. 

The  lecturer  then  passed  on  to  the  advantages  and  disadvantages  of  the  construc- 
tion, and  particularly  dealt  with  reinforced  concrete  against  steel  frame  construction. 
He  instanced  three  examples  to  show  in  ordiniarv"  architectural  work  where  steel  frames 
would  be  more  advantageous;  and,  on  the  other  hand,  where  reinforced  concrete  would 
be  more  suitable  than  either  ste<.'l  frames  or  ordinary-  construction. 

Mr.  Burke  agreed  that  in  an  engineering  works  the  "  bay  system  "  (which  modern 
practice  shows  is  the  test  for  economy  and  ensures  convenience  in  the  handling  of 
material)  was  most  suitable.  To  construct  such  works  in  reinforced  concrete  would 
not  be  so  suitable  as  the  steel  frame,  for  the  reason  that  in  the  latter  case  the 
stanchions  can  be  easily  arranged  to  carry  the  crane  and  roof  girders  which  support  the 
roof  principals.  Again,  the  cost  would  be  less  than  reinforced  concrete,  and  the 
building  much  lighter  both  in  appearance  and  structure.  The  time  of  erecting  also 
would  only  be  a  portion  of  that  taken  with  reinforced  concrete. 

Il<^  next  dealt  w^ith  house  and  villa  work,  showing  that,  as  concrete  has  a  cold 
naturr,  it  would  not  be  so  satisfactorv  nor  so  cheap  as  brickwork,  while,  in  the 
summer,  there  would  be  the  chance  of  condensation  and  sweating  of  the  walls.  Mr. 
Burke  then  turned  his  attention  to  warehouse  and  large  factory  premises,  where  a 
building  must  be  as  fire-resisting  as  possible,  and  illustrated  by  diagrams  that  such 
a  structure  is  far  superior  and  cheaper  in  reinforced  concrete. 

After  dealing  with  the  theory  of  reinforced  concrete,  pointing  out  how  to  obtain 
the  neutral  axis,  moment  of  resistance,  and  the  percentage  of  steel  for  various  crushing 
stresses  of  concrete,  models  were  shown  illustrating  a  column  and  beam  built  up  in 
reinforced  concrete,  forming  part  of  a  perfect  monolithic  structure  which  is  practically 
impossible  in  any  other  form  of  construction.  Great  stress  was  laid  on  the  method 
of  stirrupping  reinforcement  so  as  to  ensure  all  the  bars  being  placed  accurately  in 
position  before  any  concrete  is  put  in.  This  gives  facility  for  a  thorough  inspection 
and  satisfaction   on  this  vital  point. 

Mr.  Burke  also  spoke  on  the  respective  merits  of  the  bond  and  plain  bar,  showing 
the  advantages  of  a  bonded  bar,  and  explained  that  the  cost,  if  designed  thoroughly, 
was  no  more  than  for  plain  reinforcement,  while  the  resistance  was  greater.  He  then 
dealt  with  rusting  action  on  the  reinforcement,  the  chemical  action  on  a  reinforced 
concrete  structure,  and  also  on  the  electrical  influence  which  could  act  on  such  a 
structure ;  and  afterwards  dealt  with  the  various  aggregates  suitable  for  reinforced 
concrete. 

The  lecturer  went  very  closely  into  the  cosits  of  reinforced  concrete  work  w^hich 
he  had  recentlv  carried  out.  The  first  example  was  the  reconstruction  of  a  two.^torey 
galvanising  works  which  had  to  be  as  fire-  and  acid-resisting  as  possible.  The  works 
are  200  ft.  long  by  iSo  ft.  wide,  spaced  into  bays  of  20  ft.  by  18  ft.  The  height  is 
16  ft.  6  in.  from  ground  floor  to  first  floor,  and  from  first  floor  to  roof  14  ft.  The 
loads  to  be  carried  were  2^  cwt.  per  sq.  ft.  for  first  floor,  with  certain  positions  on  this 
floor  to  carry  acid  baths  of  20-ton  weight,  and  hoods  40  ft.  by  7  ft.  had  to  be  slung 
from  the  ceiling.  The  roof  was  designed  for  ij  cwt.,  allowing  in  each  case  a  factor 
of  4.  The  roof  is  a  flat  one,  and  a  portion  is  kept  level  without  fall  for  building 
pattern  stores,  etc.  The  superficial  area  is  8,000  yds.  (two  floors).  The  contract 
schedule  price  was  ;^i  1,904.  In  this  amount  the  following  items  were  allowed  for 
which  do  not   form  part  of  the  building  contract  : — 

£ 

Cast-iron  plates  round  baths 50C 

Fans  for  ventilating       150 

Hoods  for  fumes  320 

/970 
Leaving  the  contract  in  round  figures  at  ^11,000,  which  is  equal  to  27s.  6d.  per 
superficial  vard,  or  practicallv  twopence  per  cubic  foot.  In  addition  to  the  amounts 
included  in  the  ;^i  1,000,  ;^5oo  was  provided  for  terra-cotta  work  and  ;^i50  for  treating 
the  front  concrete  wall,  half  of  which  could  be  deducted  if  it  was  required  to  be 
cheapened. 

In  these  works  the  most  interesting  part  was  the  comparison  of  the  three  schemes 
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so  as  to  get  the  lowest  price  from  open  tender  and  to  compare  each  method  of  con- 
struction against  the  other.  In  the  first  case,  a  scheme  was  prepared  on  the  steel- 
frame  system,  afterwards  casing  the  whole  in  with  concrete.  Not  being  satisfied  with 
this,  a  design  was  prepared  making  the  steelwork  of  light  sections,  such  as  angles, 
tees,  built  up  at  the  maker's  yard  so  as  to  be  easily  fixed  at  the  site,  and  in  this 
scheme  full  value  was  taken  of  the  concrete  for  the  compressional  members.  Lastly, 
it  was  designed  in  reinforced  concrete,  and  the  costs  from  actual  tenders  were  : 

£ 

Reioforced  concrete  building        ...         11,994 

Li jht  steel  frame        ...         13,210 

Steel  frame  cased  in  concrete        14,200 

This  clearly  shows  the  saving  by  using  reinforced  concrete  where  the  building  is 
of  average  size  and  the  sheeting  can  be  turned  over. 

Another  interesting  example  was  a  floor  built  over  wire  ovens  and  prepared  for 
taking  five  storey^s.  The  load  was  2^  cwt.  per  sq.  ft.  Including  foundations,  super- 
structure, 4-in.  reinforced-concrete  walls,  cement-finished,  and  all  steel  casements  and 
fittings,  the  cost  was  25s.  per  super,  yd.  of  floor  covered,  two  floors  only  being  erected. 

Another  piece  of  work  recently  executed  was  a  floor  with  cantilever  10  ft.  6  in. 
long,  built  over  ovens  again,  but  in  an  existing  building.  The  area  covered  was 
800  yds.,  and  the  price  w^hen  carried  out  for  foundations  3  ft.  below  the  ground  was 
19s.  6d.  per  super,  yard. 

For  foundation  work,  Mr.  Burke  gave  a  verv  interesting  example  he  was  con- 
sulted upon  in  Liverpool  eighteen  months  ago.  A  site  had  been  chosen  for  a  public 
building,  and  after  the  contractors  commenced  excavating  thev  found  that  half  the 
building  would  come  upon  a  quarry  partly  worked,  and  half  upon  that  which  had  been 
worked  and  had  been  filled  up  90  ft.  The  design  eventually  carried  out  was  the 
sinking  of  two  concrete  piers  go  ft.  to  solid  earth,  and  froni  these  reinforced  concrete 
beams,  7  ft.  6  in.  deep  by  24  in.  wide,  were  carried  and  cantilevered  so  as  to  take  the 
new  building.  The  cost  was  about  _;£"i,ooo,  but  what  would  the  cost  have  been  to  go 
down  to  the  solid  to  prevent  chance  settlement  and  the  building  breaking  its  back? 

Another  interesting  example  was  a  scheme  of  precipitation  and  sludge  tanks  for 
treating  1,000,000  gallons  daily  of  works  sewage.  Space  was  limited  and  a  scheme  of 
tanks  was  prepared  250  ft.  12  in.  wide  with  cast-iron  plates  for  the  sides  and  bottom. 
The  cost  of  this  worked  at  nearly  ^^7,000.  A  design  in  brickwork  in  cement  was  then 
made,  but  the  capacity  could  not  be  obtained  without  buying  more  land.  Apart  from 
the  land,  the  price  worked  out  to  just  over  ;£76,ooo.  It  was  then  decided  to  use  rein- 
forced concrete,  having  internal  walls  without  ties  9  in.  thick  at  the  bottom,  6  in. 
wide  at  the  top  and  8  ft.  high,  and  this  cost  just  over  ^^^4,500.  This  set  of  tanks 
was,  in  Mr.  Burke's  opinion,  the  first  erected  in  this  country  in  reinforced  concrete  to 
give   this   capacity. 

A  very  interesting  example  of  pile  and  roadway  work,  designed  for  the  English 
Velvet  and  Cord  Dyers'  Association,  at  Greenfield,  was  shown.  They  wished  to  enlarge 
their  works,  but  they  were  handicapped,  having  the  river  on  one  side,  a  goyt  (for 
supplying  the  works  with  water)  on  the  other  side,  and  beyond  this  a  roadway  and 
canal.  On  the  one  side  the  river  was  dammed  and  a  reinforced  concrete  raft  made, 
from  this  ran  the  columns  and  beams  for  forming  a  new  roadway  over  the  river,  and 
at  the  same  time  carry  the  buildings  to  be  erected,  and  on  the  other  side  12-in.  rein- 
forced concrete  piles  were  driven  to  carry  the  new  building.  The  super,  yardage  of  the 
work  done  was  1,250,  and  the  total  cost  was  ^2,800,  excluding  the  paving.  The 
roadway  was  designed  to  carrv  a   lo-ton  motor-wagon. 

Another  piece  of  work  and  tenders  received  for  was  a  new  roadway  36  ft.  wide 
to  carry  two  traction  engines  passing  side  by  side.  The  suspended  area  carried  by 
columns,  beams  and  slabs  was  610  yds,  and  an  equal  portion  had  retaining  walls  to 
support  the  made-up  road.     The  cost  of  this  work  was  _;^2,ooo. 

In  railwav-bridge  work  an  example  was  shown  for  Am^bergate  to  ca.rry  one  set 
of  rails.  This  has  one  central  pier  in  the  river,  the  width  of  which  is  about  120  ft. 
There  are  two  60-ft.  spans,  and  the  width  of  the  bridge  was  12  ft.  The  cost  from 
tenders  sent  in  was  £Sz,o. 

Concrete  Surface  Treatment.— Mr.  Burke  then  dealt  with  the  treatment  of  re- 
inforced   concrete    for    architectural   effect.      This    must    appeal    to   ever\'one    as    very 
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intiTcsliiif,'  aiul  worthy  of  svrious  consideration,  in  view  of  tht-  fact  llial  as  time  gois 
on  this  particular  method  of  construction  must  come  more  and  more  into  favour.  His 
own  experience  had  been  in  buildinj^s  of  the  warehouse  and  heavy  works  type  where 
the  first  consideration  was  utility  with  very  little  scope  for'  elaborate  design  on  the 
elevation,  but  at  the  same  time  the  t|uestion  had  been  considered,  and  the  following 
were  his  views  on  the  subject  :  Taking  the  ordinarv  worlvs  or  warehouse  building  with 
the  orthodox  piers,  plinth  courses,  stone  heads  and  sills,  S'tone  bands  with  cornices 
parapet,  etc.,  this  type  of  building  in  reinforced  concrete  can  be  very  ably  and 
economically  treated  as  follows.  The  concrete  columns  on  the  outside  walls  would 
be  designed  as  piers  of  the  necessarv  proportions  to  suit  the  design,  and  the  frame- 
beams  between  them  utilised  as  window-heads,  forming  a  continuous  band.  Between 
the  framework  a  light  4-in.  rein  forced-concrete  wall  could  be  constructed  connected 
with  the  columns  and  the  frame  beams ;  the  w^indow  openings  and  sills  would,  of  course, 
lx»  framed  in  the  sheeting.  In  case  of  any  mouldings,  etc.,  being  required  the  jambs 
would  be  left  rough  and  the  moulded  work  formed  at  another  operation.  Rusticated 
or  \'  if  required  in  the  blocking  out  of  the  piers  can  be  done  by  ribs  of  timber 
being  fastened  on  to  the  sheeting  before  saine  is  fixed,  care  being  taken  to  prepare 
the  timber  with  a  good  wash,  and  also  that  these  strips  are  slightly  bevelled  so  as 
to  ensure  clean  striking.  The  ballast  for  this  class  of  work  should  be  very  fine  and 
of  granite  if  possible.  If  the  elevations  are  carefully  rubbed  to  ensure  all  voids  being 
closed  after  the  sheeting  is  struck  a  very  good  job  is  assured,  and  the  difference  from 
stone  is  hardly  noticeable.  If  a  combination  of  brick  with  stone  dressings  is  required, 
the  framework  may  be  carried  out  exactly  the  same  way,  but  the  4-in.  reinforced 
concrete  wall  would  be  substituted  by  a  g-in.  brick  one,  and  the  introduction  of  moulded 
work  or  terra-cotta  cornices  is  a  siinple  matter. 

To  review  the  treatment  of  a  classic  building  in  reinforced  concrete,  consider  the 
first  method.  The  building  of  the  main  walls  would  be  a  ver\^  simple  matter,  as  any 
details  in  the  way  of  cornices,  blocking  out,  and  the  like,  as  well  as  panelling,  could 
be  easily  executed  in  the  sheeting.  With  regard  to  a  Corinthian  capital,  to  carrv  out 
the  shaft  alone  satisfactorilv  would  be  a  very  difficult  job,  and,  as  far  as  the  capital 
is  concerned,  would  be  practicallv  impossible.  Then,  considering  the  method  of  casting 
independent  blocks,  which  would  be  placed  in  position  in  the  same  way  as  is  now- 
adopted  with  terra  cotta  and  reinforced  concrete,  the  question  of  carving  arises.  Taking 
it  for  granted  that  such  a  front  could  not  be  executed  in  concrete  alone,  the  intro- 
duction of  stone,  for  reasons  stated,  becomes  necessary*.  Considering  the  combination 
of  concrete  and  stone  blocks,  the  two  substances  would  have  to  be  matched  both  in 
texture  and  in  coilour  to  be  at  all  satisfactory.  This,  of  course,  could  be  done  with 
care,  but,  supposing  that  a  suitable  appearance  of  the  w^ork  on  completion  be  attained, 
we  must  not  lose  sight  of  the  probable  change  that  would  take  place  through  the 
exposure  to  weather  and  general  atmospheric  conditions.  From  this  the  architect 
would  then  have  to  decide  whether  it  would  be  worth  while  taking  the  risk  (w-hich 
would  certainllv  exist)  of  adopting  reinforced  concrete  with  the  combination  of  stone 
to  save  the  extra  cost  which  an  entire  stone  front  would  incur. 

In  conclusion,  Mr.  Burke  illustrated  by  lantern  many  examples  of  work  carried 
out,  which  proved  very  interesting  to  those  present. 
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AT    HOME    AND    ABROAD. 

Under  this  heading  reliable  information  ivill  be  presented  of  ne'w  "works  in  coarse  o, 
construction  or  completed,  and  the  examples  selected  ivill  be  from  all  parts  of  the  "world. 
It  is  not  the  intention  to  describe  these  "works  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea"whfch  served  as  a  basis 
for  the  design. — ED. 


REINFORCED    CONCRETE    UNDERGROUND    STORAGE   TANKS, 
HANDSWORTH. 

The  underground  storage  tanks  at  the  W'itton  Sewage  Pumping  Station  were  con- 
structed in  reinforced  concrete  on  the  Hennebique  sys-tem.  These  tanks  are  made  in 
duplicate.  They  have  a  total  capacity  up  to  the  inlet  level  of  264,342  gallons,  and 
they  vary  in  depth  from  19  ft.  to  20  ft.,  and  have  been  calculated  to  withstand  a 
pressure  of  water  from  without,  when  empty,  equal  to  this  head.  To  obviate  the 
danger  of  the  tanks  being  bodily  lifted,  when  empty,  by  the  pressure  of  the  water 
standing  in  the  ground,  the  bottom  is  carried  out  for  a  distance  of  18  in.  all  round. 
The  roof  is  calculated  for  a  superload  of  4  cwt.  per  sq.  ft. 

The  tanks  were  designed  by  Mr.  H.  Richardson,  A.M.Inst.C.E.,  surveyor  to  the 
Handsworth  Urban  District  Council,  the  contractors  being  Messrs.  Joseph  Howe  and 
Co.,   of  West  Hartlepool. 

In  the  course  of  a  paper  on  "  Handsworth,"  delivered  before  the  Institution  of 
Municipal  and  County  Engineers  by  Mr.  H.  Richardson,  the  lecturer  made  the 
following  remarks  :  — 

"  Perhaps  one  of  the  most  interesting  features  from  the  engineer's  point  of  view 
in  connection  with  the  rein  forced-concrete  tanks  was  their  behaviour  when  thev  were 
subjected  to  the  pressure  of  the  subsoil  water. 

"  The  excavations  for  the  tanks  were  sunk  in  very  wet  soft  sand-stone,  the  site 
being  only  150  yards  from  the  river,  and  on  nearly  the  same  level.  The  subsoil,  5  ft. 
down  from  the  roof  of  the  tanks,  was  principally  made-ground  and  clear  of  water, 
but  below  that  level  to  the  bottom  of  the  tanks  occurs  a  soft  sand  rock  which  is  full 
of  water.     This  was,  of  course,  drained  to  a  sump,  and  pumped  away  during  the  whole 


Inside  view  of  a  tinijhed  tank. 
Reinforced  Concrete  Underground  Storage  Tanks,  Handsworth. 
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time  ihi-  tanks  w^-rc 
in  course  of  con- 
struction, and  when 
the  work  was  com- 
plete, the  shuttering 
was  withdrawn,  and 
the  working  space 
all  round  the  tanks 
filled  in,  the  subsoil 
water  pumps  were 
stopped  and  the 
water  outside  the 
tanks  allowed  to  re- 
s  u  m  e  its  normal 
level. 

"It  was  known 
that  the  dead  weight 
of  the  tanks  them- 
selves, except  a  small 
portion  upon  which 
the  engine  house  is 
built,  would  be  in- 
sufficient to  maintain 
their  stability  against 
the  upward  pressure 
of  the  subsoil  water, 
and  the  designers  of 
the  tanks  adopted 
means  for  anchoring 
them  down.  The 
floor  of  the  tanks  is 
extended  outwards  to 
make  a  projecting 
sill  all  round  i8 
inches  beyond  the 
outer  face  of  the 
walls.  This  should 
have  had  the  effect 
of  anchoring  down 
the  tanks  and  en- 
abling them  to  resist 
the  upward  pressure 
of  the  subsoil  water 
which  stands  at  a 
height  of  16  feet 
above  the  floor  of  the 
tanks.  As  the  sub- 
soil water  began  to 
attain  its  normal 
level  it  was  found  to 
be  lifting  the  tanks 
at  the  end  farthest 
from  the  engine 
house,  and  as  the 
water  increased  in 
height  so  the  tanki 
came  farther  out  of 
the  ground.  The 
maximum  displace- 
ment was  6^  inches. 
The     subsoil     water 
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pumps  were  at  once  re-started  and  the  water  level  lowered,  water  being  at  the  same  time 
admitted  into  the  tanks  so  that  the  levels  inside  and  outside  were  soon  equal,  the  result 
being  that  the  tanks  went  back  into  position  with  practicallv  no  damage  done  to  the 
tanks  and  none  whatever  to  the  engine  house,  the  only  serious  fracture  being  where  the 
inlet  pipes  passed  through  the  walls  of  the  tanks.  Apparently  the  reason  why  the  anchor 
or  sill  was  ineffective  was  because  it  was  covered  only  with  the  fiUed-in  material  around 
the  tanks,  which  compressed  as  they  rose.  This  was'  afterwards  remedied  by  filling  the 
trench  all  round  the  tanks  with  concrete. 

"  This  is  rather  an  interesting  point  to  engineers,  because  constructions  of  this 
character  in  brick  or  ordinary  concrete,  the  walls  and  floors  of  which  would  probablv 
average  5  to  6  ft.  thick  and  would  generally  be  heavier  than  the  water  which  thev 
displace,  would  require  no  special  means  to  keep  them  in  position  when  once  con- 
structed, but  with  reinforced  concrete  construction,  which  is  comparativelv  of  such  a 
light  nature,  special  means  must  be  provided  for  anchoring  them  down  in  water-logged 
ground,  or  they  would  be  liable  to  float  lilce  a  ship. 

"  The  strains  were  severe  and  complex  to  which  these  tanks  were  subjected  by  the 
pressure  of  water  when  being  held  down  by  the  weight  of  the  engine-house  over  averv 
small  area  at  one  end,  and  also  by  the  large  cast-iron  pipes  which  were  built  into  the 
wall  at  the  other  end. 

"  In  the  author's  opinion,  it  is  a  tribute  to  the  value  of  rein  forced-concrete  construc- 
tion that,  in  spite  of  the  extraordinary  strains  to  which  it  was  subjected,  the  whole  of 
the  work  settled  back  into  position  as  a  monolithic  construction  with  practicallv  no 
damage  done." 

REINFORCED    CONCRETE   GRAIN    BINS    FOR    THE    G.N.    RLY. 
AT    SUPERIOR,    WIS..    U.S.A. 

The  reinforced  concrete  grain  bins  described  in  this  article  were  erected  to  replace 
a  iarge  wooden  structure  previously  used  for  storage  purposes,  and  which  was 
destroyed  by  fire  in  1908.  It  was  decided  to  make  this  new  storage-house  an  extension 
of  the  large  steel  working-house,  erected  in   1900. 

in*      W       IT       "T.         "P^        1] 


mmmh 

'=   =G;   =N:   =E=L=E=V=A'T 

=0=R=*  ^S=   -- 

A  N  N  EX 

HS98                                       [                                    ' 

11 

' 

Reinforced  Concrete  Grain  Bins,  Superior,  t'.S.A. 

The  new  bins  have  a  storage  capacity  of  2,400,000  bushels. 

As  the  height  from  the  main  floor  to  the  bin  floor  of  the  steel  house  is  117  ft., 
this  required  unusually  tall  storage  bins.  A  height  of  no  ft.  for  the  bins  was  fixed 
upon. 

Owing  to  the  nature  of  the  soil  at  the  site  of  the  storage-house,  a  complete  pile 
support  was  decided  upon.  The  height  of  the  grain-bins  is  so  great,  and  the  result- 
ing load  on  the  foundations  so  heavv,  that  it  was  necessary-  to  drive  piles  over  the 
entire  area  of  the  excavation.  Approximately,  5,000  of  these  piles  were  driven.  Prac- 
tically  the   whole  of  the    load   on   the  piles,  'amounting  to  3^   tons  per   foot  over   the 
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cnlirr  arva,  is  delivered  to  the  boUom  slab,  and  thus  to  ihe  piles,  throui,'h  the  outside 
walls  and  subdividing  walls  of  the  basement.  Except  at  the  belt  tunnels,  these  walls 
were  placeil  so  close  together  that  there  was  no  necessity  for  designin^^  the  bottom 
slab  as  a  beam.  The  footings  of  the  walks,  with  a  projection  of  i  ft.  each  side  of  the 
wall,  together  with  the  2-ft.  depth  of  the  slab,  wore  sufficient  to  care  for  the  distribution 
of  loads  to  the  piles.  M  the  convevor  tunnels,  however,  it  was  necessary  to  have  a 
7-ft.  clear  space  betwwn  walls,  and,  in  order  to  get  the  proper  amount  of  load  to  the 
piles  under  the  middle  of  the  tunnels,  the  upper  part  of  the  slab  was  reinforced  with 
i-in.    s,|.    corrugaK'd   bars   i.laced    4   in.  centre   to  centre.     Three-fourths   of   these   bars 
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were  turned  down  to  take  shear  and  diagonal  tension.  In  order  to  tie  the  whole  of 
the  slab  together,  the  fourth  bar  was  made  continutjus  for  the  full  length  of  the  base- 
ment, using  27-in.  laps  at  points  of  no  stress. 

The  second  problem  in  distribution  was  to  get  the  loads  from  the  bin  walls  into 
the  basement  walls,  and  from  these  into  the  slab.  With  bins  of  the  height  and  diameter 
used,  nearly  the  whole  of  the  grain  load  is  carried  by  the  walls,  and  this,  added  to  dead 
loads,  riave"  a  total  of  about  45,000  lb.  per  lin.  ft.  of  wall  at  the  bottom  of  the  bins. 
In  order  to  distribute  this  load,  20-in.  standard  I-beains,  w^eighing  80  lb.  per  ft.,  were 
used  over  the  convevor  tunnels.  Reinforced  concrete  girders  3  ft.  deep  and  8  ft.  9  in. 
long,  were  used  for  the  shorter  spans  between  subdividing  walls.     As  it  was  necessary 
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that  the  slab  and  walls  should  Ix'  built  at  different  times,  inclined  bars  were  built  into 
both  to  take  care  of  the  longitudinal  shear. 

Grain  pressure  on  the  bottoms  of  the  bins  was  taken  care  of  by  a  reinforced 
concrete  slab  b  in.  thick,  spanning  the  short  spaces  between  subdividing  walls  of  the 
basement. 

In  the  construction  of  the  basement  slab  and  walls  1:2^:5  concrete  was  used, 
both  sandstone  and  gravel  being  used  as  aggregate.  Medium  steel  corrugated  bars  were 
used  throughout. 

In  designing  the  bin  walls,  the  thickness  at  the  bottom  was  determined  by  the 
compression  due  to  vertical  loads,  except  that  the  walls  were  made  somewhat  thicker 
than  theoretically  required.  The  outer  walls,  having  a  grain  friction  on  one  side 
onlv,  were  made  7  in.  thick — ^  in.  thinner  than  the  inside  walls.  The  extra  ^  in.  of 
thickness  of  the  inner  walls  was  considered  advisable,  not  only  on  account  of  the 
greater  vertical  pressure,  but  because  of  the  fact  that  these  walls  act  as  arches  when 
circular  bins  are  empty  and  the   adjacent  interspace  bins   are  full. 

Bursting  pressure  in  the  bins  was  cared  for  by  using  plain  round  bars,  f  in.  and 
i  in.  in  diameter,  spaced  according  to  the  bursting  load.  The  circular  bins  were  tied 
together,  and  the  bursting  pressures  of  the  interspace  bins  provided  for  by  corrugated 
bars  bent  into  U-shape,  placed  in   the  intersections  of  the  bins. 

All  concrete  placed  in  the  bin  walls  consisted  of  one  part  sand  to  two  parts  gravel, 
V  ith  li  barrels  of  cement  per  cubic  yard  of  finished  concrete.  As  both  sand  and  gravel 
were  well  graduated  in  size,  these  proportions  produced  an  exceedinglv  rich  concrete. 

The  cupola  consists  of  a  steel  framework,  resting  on  the  bin  walls  enclosed  by 
and  supporting  6-in.  reinforced  concrete  side-walls.  These  walls  were  reinforced  for 
wind  pressure  only.  The  roof  consisted  of  reinfoi'ced  concrete  tile,  resting  on  steel 
tees,  and  covered  with  4-ply  pitch  and  gravel  roofing.  The  roof  tiles  are  18  in.  span, 
24  in.  long,  and  ig  in.  thick,  reinforced  with  woven  wire. 

After  the  completion  of  the  concrete  work,  all  exterior  concrete  surfaces  were 
treated  with  a  cement  and  alum  wash,  both  as  a  partial  waterproofing  and  as  a 
finish. 

The  work  was  designed  and  constructed  under  the  direction  of  Mr.  .\.  H.  Hoge- 
land,  Chief  Engineer,  Great  Northern  Railway.  Mr.  O.  B.  Robbins,  from  whose 
article  in  Engineering  News  the  above  particulars  are  taken,  was  the  engineer  in 
chargL-  of  all  construction  work  except  excavation  and  pile-driving. 
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REINFORCED    CONCRETE    IN    THE    NEW    PUMPING    STATION    FOR    THE 
LONDON    HYDRAULIC    POWER    COMPANY. 

Reinkokckd  concrete  was  larj^ely  used  in  the  construction  of  the  new  pumping  station 
for  the  supply  of  hydraulic  power  in  lx)ndon   which  was  opened  recentlv  at  Grosvenor 


Pumping  Station  for  the  London  Hydraulic  Power  Cc 


Road,    Westminster.      The  station,    which  belongs    to   the   London    Hydraulic   Power 
Company,  comprises  reservoirs  for  water  settling,  an  engine-  and  boiler-house,  hydraulic 
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accumulator  lower,  coal  stori',  HIIlt-Iiousi-,  owrlicad  tanks,  etc.  'I'lu'  Hoors  throuj^hout 
the  buildirii^  and  in  the  coal  stores  are  of  reinforced  concrete  on  the  Hennebit|ue 
system.    The  reservoir  and  tanks  are  also  constructed  of  this  material. 

ihe  reservoir  is  divided  into  six  coaipartments,  each  about  loo  ft.  long,  38  ft. 
\vid<-,  and  having  a  depth  of  16  ft.  from  top  of  gangways,  with  a  total  holding 
capacity  of  about  2^  million  gallons.  A  view  of  the  reservoir  in  course  of  construction 
is  shown  on  page  66,  as  well  as  an  interior  view  of  one  of  the  tanks  when  em])ty. 
The  water  is  conducted  from  the  river  into  the  different  compartments  of  the 
reservoir  through  two  lines  of  20-in.  diameter  piix^s,  laid  at  half  tide  level  along  the 
subway  pi|>e  trench.  There  are  also  two  lines  of  <mptying  or  wash-out  pipes,  14  in. 
diameter,  laid  below  the  bottom  of  the  reservoir. 

The  whole  of  the  reinforced  concrete  was  done  by  Messrs.  Mouchel  and  Partners, 
of  \'ictoria  .Street,  and  the  contractors  for  this  work  were  Messrs.  John  Mowlem  and 
Co.,  of  (irosvenor  Wharf. 

"EARTHQUAKE-PROOF"    BUILDING    FOR    THE    ROYAL     INSURANCE    CO., 

SAN    FRANCISCO. 

Tmk  building  described  in  this  article,  and  which  was  recently  dealt  with  in  E}igi)U't'r- 
ing  Record,  was  built  to  replace  the  premises  of  the  Royal  Insurance  Company  in  San 
Francisco  which  wore  demolished  bv  the  earthquake  of  10)07.  The  design  of  the  new- 
building  was  specially  studied  by  the  architects  and  engineers  with  a  view  to  earth- 
quake shocks. 

The  study  comprised  sj^ecial  bracing,  designed  to  resist  transverse  stresses  and 
vibration,  special  methods  of  thoroughly  anchoring  masonry  and  terra  cotta  to  the 
framework,  and  <\specially  a  system  of  vertical  and  horizontal  tension  rods,  forming 
a  sort  of  large  mesh  around  which  the  brick  walls  are  built  and  are  thoroughly  bonded 
through  and  through  it,  with  a  result  which  can  be  compared  somewhat  to  the  rein- 
forcement of  wired  glass,  in  that,  even  if  the  wall  were  badly  cracked  and  shattered, 
it  is  not  likely  that  any  portions  of  the  wall  would  faM  to  the  street. 

The  solid  floors  form  continuous  horizontal  diaphragms,  and  the  basement  floor 
has  great  mass  and  strength  for  the  purpose  of  offering  high  lateral  resistance  and 
giving  additional  security  to  the  bases  of  the  columns.  All  of  the  structural  steelwork 
is  fireproofed,   and  the  use  of  wood  has  been  entirely  eliminated. 

The  columns,  of  ordinary  plate  and  angle  construction,  are  spaced  from  16x16  ft. 
to  16  X  17^  ft.  apart,  and  have  cast-iron  bases  seated  on  I-beam  grillages  with  concrete 
footings  on  the  sand  about  18  to  24  ft.  below  the  surface  of  the  ground  and  14  ft. 
below  ground  water-line.  Each  column  is  anchored  by  four  large  vertical  bolts 
fastened  to  its  base  and  through  the  grillage,  and  is  enclosed  in  concrete  or  brickwork. 
The  grillages  are  enclosed  in  solid  concrete  up  to  the  basement  floor,  and  the  space 
between  them  is  covered  by  the  floor  of  concrete,  30  in.  thick,  reinforced  by  t\yo 
crossed  layers  of  steel  rods  ig  in.  in  diameter  and  about  30  in.  apart  on  centres.  At 
the  columns  all  rods  are  bent  270  deg.  around  the  columns  and  continue  at  right 
angles  to  the  former  direction  to  the  next  column,  where  they  are  bent  270  deg.  and 
are  continued  again  in  another  right  angle,  and  so  on,  six  or  eight  rods  being  thus 
bent  around  each  column  and  forming  a  basket-like  network  to  afford  tensile  strength 
in  every  direction. 

The  wall  columns  are  connected  by  lattice  girders  at  each  floor,  with  knee-brace 
angles  at  both  ends  and  on  both  flanges,  thus  forming  stiff  belts  around  the  building 
at  ever}'  storey. 

All  floors  are  of  concrete  with  electrically-welded  reinforcement  and  cement  finish. 
All  partitions  are  of  cement  mortar  or.  wire  lath  and  metal  furring.  The  traction  type 
electric  elevators  are  enclosed  in  fireproof  steel  frame  shafts  with  the  op>erating 
machinery  on  top. 

Messrs.  Howells  and  Stokes,  of  New  York,  were  the  architects  of  the  building.  The 
Thompson-Starrett  Company,  of  San  Francisco,  were  the  general  contractors,  and  the 
structural  steelwork  was  made  by  the  .-\inerican  Bridge  Company. 
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Under  this  heading  reliable  information  ivill  be  presented  as  to  neiu  uses  to  ivhich  concrete 
and  reinforced  concrete  are  put,  ivith  data  as  to  experience  obtained  during  the  experimental 
stage  of  such  neiu  applications  of  these  materials.  The  use  of  reinforced  concrete  as  a 
substitute  for  timber  in  exposed  positions  is  one  of  the  questions  of  the  moment.  Railivay 
sleepers,  telegraph  posts,  fence  posts,  etc.,  of  concrete  are  being  tried.  Similarly,  efforts 
are  at  present  being  made  to  prone  that  reinforced  concrete  is  an  excellent  substitute  for 
bricktuork  "where  structures  of  great  height  are  required. — ED. 


REINFORCED    CONCRETE    PRESSURE   PIPES,    UMATILLA,   U.S.A. 

These  pipes  were  required  to  distribute  the  water  in  the  L'matilla  project  of  the 
United  States  Reclamation  Service. 

Reinforced  concrete  was  found  to  be  the  best  material  to  use,  and  in  the  season 
iqo6-7,  4,832  lin.  ft.  of  46-  and  47-in.  concrete  pipe  were  made  and  3,868  Hn.  ft.  of 
30-in.  pipe.  Considering  one  sack  of  cement  as  0*9  cu.  ft.,  the  proportions  by  volume 
were  approximately  i  part  cement,  2-3  parts  sand,  and  3  parts  gravel.  The  reinforce- 
ment used  consisted  of  je-in.  mild  steel  wire  wound  on  a  drum  into  a  helical  coil.  The 
spacing  was  such  as  to  permit  a  maximum  stress  of  about  12,000  lb.  per  sq.  in.  A 
view  of  the  forms  is  seen  in  Fig.  i.  The  main  forms  consist  of  an  inner  core  of  \-\n. 
steel  plate  8  ft.  in  length,  with  a  key-piece.  The  inner  core  is  hinged  to  permit  its 
being  collapsed  when  the  key-piece  is  removed.  The  collars  were  of  concrete,  the  same 
mixture  being  used  as  for  the  pipe.  They  were  3  in.  w-ide  and  3  in.  thick,  reinforced, 
where  the  head  was  over  50  ft.,  with  No.  3  rib  stud  supplied  bv  the  Trussed  Concrete 
Steel   Co. 

The  experience  with  the  pip>e  lines  laid  during  the  previous  year  was  sufficiently 
gratifying  to  warrant  the  making  of  concrete  pipe  during  the  season  1908;  7,056  lin.  ft. 
of  4b-in.   concrete  pipe  were  made  and  9,216  lin.  ft.  of  30-in.  pipe. 

In  1909,  owing  to  the  satisfactory  experience  of  the  two  previous  years,  a  further 
length  of  g,8oo  46-in.  concrete  pipe  was  laid.  This  would  have  to  act  under  a 
maximum  head  of  no  ft.  The  work  of  laying  this  began  in  November,  1909,  and  the 
line  was  finished  in  January-,  1910.  The  pipe  was  tested  in  February,  1910,  it  being 
filled  in  two  hours  and  forty  minutes.  There  were  no  mishaps,  and  no  leakage  was 
apparent. 

During  the  season  of    1910  a  further  4,000   lin    ft.   of  30-in.   pipe  were  made,   and 


lu.  1.      Steel  Forms  and  Kii;  ! 
Reinforced  Concrete  Presslre  Pipe,  Umatilla,  U.S.A. 
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the  ex|x>rience  witli  ihr  \vhol<-  of  the  reinforced  concrete  pipe  on  this  project   has  been 
thorou'<hlv  sntisfactorv. 
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Fig.  3.     Forms  for  Pipe  Collars  for  Reinforced  Concrete  Pipe. 
Reinforced  Concrete  Pressure  Pipe,  Umatilla,  U.S.A. 

Our  particulars  are  taken  from  an  article  in  Engineering  News,  by  Mr.  Herbert  D. 
Newell,  Project  Enoineer  of  the  I'nited  States  Reclamation  Service," to  whom  we  are 
indebted  for  our  illustrations. 
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AT  HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  "which  have  appeared  during  the  last  few  months' 


"  Reinforced  Concrete  Compression  Member 
Diagram."  By  Chas.  F.  Marsh,  M.Inst.C.E., 
M.Am. Sod-:..  M.Inst.M.E. 

Published  by  Archibald  Constable  &  Co.,  Ltd.  Price 
3/6  net. 

The  rules  for  calculating  hooped  rein- 
forced concrete  pillars,  which  are  given  in 
the  Royal  Institute  of  British  Architects' 
Joint  Committees'  Second  Report  and  in 
the  new  London  Count}'  Council  Regula- 
tions, are  well  drawn  on  a  logical  basis, 
and  result  in  formulas  simple  in  form, 
though  somewhat  tedious  to  use  just  as 
they  are.  We  may  therefore  expect  to  see 
various  attempts  at  constructing  diagrams 
having  as  object  the  speedy  determination 
of  such  pillars  in  practice.  The  first  to 
reach  us  is  one  devised  by  Mr.  Charles  F. 
Marsh,  the  well-known  author  of  various 
books  on  reinforced  concrete.  This  diagram 
consists  of  four  graphs  on  one  sheet  all 
continuously  related  to  each  other.  The 
manner  of  use  for  designing  a  pillar  is, 
roughly,  as  follows  :  Taking  the  load  as 
starting  point  we  trace  to  an  intersection 
with  a  line  for  the  size  of  pillar  selected, 
red  lines  showing  circular  cores,  and  blue 
square  cores.  From  this  first  intersection 
we  trace  on  to  intersect  with  another  line, 
representing  the  proportion  of  vertical 
steel,  and  then  on  to  meet  a  line  repre- 
senting, either  by  its  red,  green  or  blue 
colour,  the  kind  of  concrete  chosen  and  the 
value  of  a  constant  chosen  from  a  t-able 
and  dependent  upon  the  kind  of  binding 
and  its  spacing.  We  thus  derive  a  ratio 
of  volumes  of  concrete  and  hooping,  and 
by  the  aid  of  another  diagram  we  ascer- 
tain a  factor  which  gives  the  size  of  the 
binding,  having  regard  to  the  previously- 
chosen  spacing.  One  can,  of  course, 
check  a  pillar  already  designed  by  working 
back  the  opposite  way. 

The  author  deserves  to  be  highly  com- 
mended for  having  gone  to  so  much 
trouble  to  devise  so  useful  a  diagram.  All 
could  wish  it  were  easier  to  design  hooped 
pillars  than  even  this  diagram  makes  it. 
Perhaps  we  shall  now  have  someone  go 
one  better.  A  particularly  good  feature  of 
this  diagram  is,  however,  that  it  clearly 
marks  the  limiting  values  to  be  observed, 
l^pon  the  diagram  is  explanatory  letter- 
press. The  only  adverse  criticisms  we 
have  to  make  are  that  the  diagram  gives 


both  the  vertical  and  horizontal  steel  as 
ratios,  which  means  that  when  these  are 
worked  out  in  sizes  of  rods  it  is  a  chance 
they  may  not  be  commercial  sizes,  so  that 
we  might  have  to  make  several  trial  calcu- 
lations before  a  practical  result  were  ob- 
tained. .\  small  matter,  but  one  that  is 
worth  correction,  is  the  author's  use  of  the 
words  "  helical  spirals,"  which  are  contra- 
dictory of  each  other.  What  is  meant  is 
"  cylindrical  helices." 

"  The  Composition  and  Strength  of  Mortars." 
By  W.  J.  Dibdin.F./.C,  F.C.S.,  etc. 

Published  by  the  Royal  Institute  of  British  Architects 
9  Conduit  Street,  Regent  Street,  \V.     Price  5/-. 

In  November,  1907,  the  Science  Stand- 
ing Committee  of  the  Royal  Institute  of 
British  Architects  drew  up  a  scheme  of 
procedure  for  an  extensive  series  of  experi- 
ments into  the  tensile,  crushing  and  adhe- 
sive strengths  of  mortars  and  their  chemi- 
cal composition,  which  were  entrusted  to 
Mr.  W.  J.  Dibdin,  who  presented  this  re- 
port in  February,  191 1.  It  has  just  been 
published.  The  experiments  are  valuable, 
as  all  such  experiments  must  be.  The 
cements  used  were  white  chalk  lime, 
Dorking  greystone  lime,  and  blue  lias  lime 
from  Stockton,  near  Rugby.  The  sands 
used  were  Leighton  Buzzard  standard, 
Charlton  fine,  ordinary  pit,  Thames  and 
ground  brick,  the  last  made  from  grey 
Kent  stock,  not  overburnt,  as  commonly 
used  in  London  buildings.  The  mixtures 
used  were  i  part  lime  to  2,  3,  4  and  5  parts 
of  sand,  and  experiments  were  also  made 
on  the  effect  of  additions  of  5  per  cent,  of 
clay  to  1:3  mixture.  The  adhesion  tests 
were  on  1:3  mixtures  with  stock  and 
Fletton  bricks.  The  periods  of  testing 
were  :  i  month,  3  months,  12  months,  and 
2  years.  Tests  were  also  made  on  ancient 
mortars. 

The  results  may  be  briefly  summarised 
by  saying  that  they  showed  the  influence 
of  the  proportion  of  voids  in  the  sands,  and 
that  the  poorer  limes  lose  strength  on  dry- 
ing out.  Blue  lias  lime  was  very  superior 
to  the  others.  Current  practice  seems  to 
favour  a  I  :  3  mortar,  but  the  tests  showed 
considerable  superiority  of  the  1:2  mix- 
tures, and  seeing  that  the  good  ancient 
mortars  were  seldom  of  weaker  propor- 
tions, a   I  :  2  mixture  should  be  generally 
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adoptrd.  Till'  chcinic;!!  (.•xaininalion  of 
ancient  mortars  ck-arly  sliowvd  tin-  absence 
of  the  formation  of  soluble  silica,  which  it 
has  been  assumed  was  formed  in  the 
course  of  time  by  the  action  of  the  lime  in 
sand — a  mistake  undoubtedly  arisinf^  from 
the  presence  of  pozzuolana  in  ancient  mor- 
tars. Clay  up  to  8  per  cent,  seems  to  have 
no  deleterious  effect,  and  Fletton  bricks 
were  markedly  superior  to  slock  bricks  as 
r<'i;ards  adhesion.  The  report  is  supple- 
mented by  results  of  authoritative  German 
tests  on  lime  mortars  in  which  trass  {i.e., 
pozzuolana)  has  been  employed,  which 
clearlv  shows  the  improvement  in  tensile 
and  compressive  strenj^th  obtained  thereby. 
The  practice  is  therefore  to  use  a  smaller 
proportion  of  lime  to  the  trass  and  sand 
combined.  The  results  of  these  experi- 
ments point  to  the  advisability  of  others 
on  Portland  cement  mortars  of  similar 
proportions  with  the  same  materials,  and 
also  upon  mortars  made  with  Portland 
cement  and  the  various  limes  admixed. 
We  have  no  hesitation  in  sayin^J  that  some 
very  valuable  results  would  thus  be  ob- 
tained, and  the  probability  is  that  current 
practice  would  be  much  altered  thereby, 
for  Portland  cement  is  now  sold  at  such  a 
small  price  that  it  would  be  found  advan- 
tageous to  ijenerally  employ  it  for  mortar. 
Where  considerable  waterproofness  was 
required  it  would  be  advisable  perhaps  to 
use  lime,  or  some  other  material  might  be 
substituted  for  the  lime,  such  as  clay. 
This  points  to  the  advisability  of  further 
tests  upon  the  porosity  of  mortars  of  the 
composition  of  those  referred  to  in  the 
R.I.B.A.  report,  and  also  upon  such 
mortars  as  we  have  suggested  should  be 
exp<''rimpnt<^d  upon. 

DESIGN    OF    STRUCTURES. 
"Franned   Structures   and   Girders— Theory 
and  Practice,"  Vol.    I.    Stresses,    Part   I. 
By  Edgar  Morburg.iSc.D.,  Professor  of  Civil 
Kiigiiiccriufi.  Viii'ccrsity  of  Pennsyh'ania. 

Published  hv  the  McGraw-Hill  Book  Co..  6  Bouverie 
Street,  London,  E.G.,  and  239  West  39th  Street. 
New  York.     Price  17/-  net. 

Contents. — General  Considerations  and 
Definitions  —  The  Equilibrium  of 
Coplanar  Forces — .Application  of  tht> 
Laws  of  Equilibrium  to  the  Determi- 
nation of  Reactions  —  Shears  and 
Rending  Moments  in  Simple  Beams — 
.Application  of  the  Laws  of  Equili- 
brium to  the  Determination  of  Stresses 
— Roof  Trusses — Stresses  in  Bridge 
Trusses  with  Horizontal  Chords-  • 
Modern  Bridge  Trusses  and  Their  De- 
velopment— Stresses  in  Bridge  Trusses 
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with  Sub-Panels — Live-load  Stresses 
by  Graphic  Methods;  Influence  Lines 
— .Skew  Bridges  and  Bridges  on 
Curves — Live-loading  for  Bridges. 

This  book  is  the  first  of  three  volumes  on 
framed  structures  and  girders  and  is  de- 
voted mainly  to  ithe  derivation  of  the  funda- 
mental principles  of  statics,  the  determina- 
tion of  slKars  and  bending  moments  in 
beams,  and  the  analysis  of  roof  and  bridge 
trusses  resting  on  two  supports.  Thouj,'h 
designed  to  serve  primarily  as  a  text-book, 
it  is  also  useful  as  a  reference  book.  Every 
point  seems  to  be  ck'alt  with  in  elaborate 
detail,  and  this  vokmie  holds  out  promise 
that  the  whole  work  will  be  a  valuable  one 
worth  the  study  of  every  structural 
engineer.  The  chapters  devoted  to  bridge- 
construction  are  particularly  full  and  valu- 
able. We  shall  be  better  able  to  criticise 
when  we  see  the  second  and  third  volumes 
to  which  this  is  preparatory. 

"Reinforced    Concrete     Construction    (Ele- 
mentary   Course)."      By    M.    T.    Cantell, 

Liccn. R.I.B.A. 

London  :  E.  &  F.  V.  Spon,  Ltd.,  57  Haymarket.     Price 
4/6  net.     136pp.+vi. 

Contents. — Symbols — Advantages  of  Rein- 
forced concrete — Mixing  and  Deposit- 
ing Concrete^ — Aggregate  for  Concrete 
— Cement — Reinforcement  —  Bending 
Moments  and  Shear  Stresses — .Addi- 
tional Information  and  Data  for 
Designing  —  Beams  with  Single 
Reinforcement — Beams  with  Double 
Reinforcement — Slabs — Tee  Beams — 
Main  Beams  for  Floors — Shearing 
Reinforcements  —  Adhesive  Stress  — 
Inclined  Stirrups  —  Columns  —  Long 
Columns  —  Eccentrically  Loaded 

Columns — Formulae — Tables — Areas. 

This  is  a  very  cheap  volume,  and  one 
that  should  be  appreciated  by  students, 
containing  as  it  does  a  great  deal  of  infor- 
mation and  a  very  clear  .  explanation 
of  the  elementary  principles.  There  is  a 
great  need  for  a  really  good  book  which 
would  enable  students  to  grasp  these  ele- 
mentary principles,  as  far  too  often  we 
find  that  after  reading  a  few  pages  the 
reader  is  faced  with  complicated  formulae 
only  imperfectlv  explained  as  regards  their 
construction,  and  in  consequence  the 
learner  is  apt  to  abandon  the  subject  until 
such  time  as  he  may  meet  someone  who 
will  instruct  him  personally,  w^hich  may 
possibly  mean  that  such  a  time  will  never 
come.  We  must  realise  that  the  students 
of  to-day  must  be  well  looked  after  and 
efficiently   trained   if   good   work   is   to   be 
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produced  in  the  future,  and  too  much  can- 
not be  done  to  effect  this  object.  This 
should  prove  a  very  useful  book,  and  is 
well  written,  and  we  are  pleased  to  find 
that  the  construction  of  the  various  for- 
mulae is  explained  at  the  end  of  the 
volume,  as  it  is  a  great  mistake  to  give 
formula?  to  students  without  explaining 
their  derivation  and  construction,  because 
they  will  then  be  used  without  a  proper 
understanding  and  become  merely  a  matter 
of  memory.  It  is  rather  surprising  that 
the  author  does  not  make  any  mention  of 
machine-mixing,  although  hand-mixing  is 
fully  described,  and  in  view  of  the  import- 
ance and  superiority  of  the  former  for  large 
works  this  must  Be  considered  as  a  serious- 
omission.  The  illustrations  can  hardly  be 
considered  satisfactory,  as  the  diagrams 
are,  generally  speaking,  far  too  small  and 
not  sufficiently  explicit,  and  we  should  like 
to  have  seen  this  part  of  the  work  dealt 
with  in  a  more  masterly  manner. 

"Reinforced  Concrete  Construction  in 
Theory  and  Practice.  —  An  Elementary 
Manual  for  Students  and  others."  By 
Henry  Adatns  .  M.I.C.E.,  etc.,  and  Ernest 
R.  Matthews.  A. JT7./.C.E.,  etc. 

London:  Lon^jmans,  Green  &  Co.,  39  Paternoster  Row 
Price  10/6  net.  316  pp.  +  xiv. 

Contents. — History  of  Reinforced  Concrete 
— Uses,  Advantages  and  Properties 
—  General  Principles  of  Stress  — 
Moments  of  Resistance — Loads  and 
Reinforcement  —  Notation,  Formulae 
and  Examples — Special  Constructions 
— Effects  of  Heat  and  Frost — Recipro- 
cation, Duality — Abridged  Notation 
and  Projection — Reinforced  Concrete 
in  Railwav  Engineering — Reinforced 
Concrete  on  Wharves,  etc. — Rein- 
forced Concrete  in  Building  Construc- 
tion—General Notes. 

The  authors  of  this  volume  are  so  well 
known  to  our  readers  that  they  will  need 
no  introduction,  and  we  should  naturally 
expect  an  excellent  production  from  such  a 
combination  of  authors.     The  book  is  cer- 


tainly very  complete,  and  every  aspect  of 
the  subject  has  been  dealt  with  and  illus- 
trated, wherever  possible,  with  practical 
examples.  The  diagrams  and  illustrations 
generally  are  clear  and  good,  and  this  is  an 
important  consideration  in  a  work  of  this 
kind.  We  are  glad  to  see  that  the  general 
principles  of  stress  are  dealt  with  fully, 
and  this  portion,  together  with  the  chapter 
dealing  with  the  moments  of  resistance, 
loads  and  reinforcement,  should  be  of  great 
assistance  to  the  elementary  student,  for 
whose  guidance  they  were  written.  The 
notes  on  the  effects  of  excessive  heat  on 
concrete  are  very  interesting,  especially  as 
this  material  is  claimed  to  be  eminently 
fire-resisting,  and  the  authors'  deductions, 
which  were  arrived  at  after  a  series  of 
tests,  are  such  that  they  confirm  the  right 
to  this  claim.  It  is  necessary,  however, 
that  the  concrete  should  have  ample  time 
to  set  before  the  heat  is  applied,  and  in  the 
ordinary  course  of  events  this  would  natur- 
allv  be  the  case.  From  the  notes  on  the 
effects  of  frost  on  concrete,  it  is  shown 
that  mixing  should  not  be  conducted  when 
the  temperature  is  below  29'3°  F.,  and  that 
the  mixing  of  concrete  with  warm  water  in 
frosty  weather,  which  has  been  recom- 
mended by  some  engineers,  is  detrimental. 
A  great  deal  of  useful  information  is  given 
in  the  general  notes,  but  we  should  like  to 
have  seen  more  information  included  with 
regard  to  the  construction  of  centering  and 
forms,  as  this  is  an  important  branch  of 
the  work  and  one  that  requires  to  be  fully 
described  in  a  volume  which  should  appeal 
verv  forcibly  to  the  practical  as  well  as  the 
theoretical  man.  A  great  number  of  the 
practical  examples  are  merely  illustrated 
without  being  adequately  described,  and 
we  feel  that  they  could  well  have  been 
omitted,  and  a  good  chapter  included  on 
the  work  of  centering,  etc. 

It   is,    however,    a   good   book,    and   one 

which  should  be  well  received  by  students 

and  experienced  men  alike,  containing  as 

it  does  a  complete  treatise  on  the  subject 

reinforced  concrete  construction. 
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Memoranda  and  Neius  Items  are  presented  under  this  heading,  ivith  occasional  editorial 
comment.     Authentic  neivs  ivill  be  "welcome. — ED. 


The    Work  of    the   Gross- Licbterfelde    Testing  Station   during   1910. —The 

Director's  report  of  the  work  of  the  threat  Prussian  Testing  Station  for  the  year  ending 
March  31st,  191 1,  contains  many  points  of  interest  in  respect  to  cement  and  concrete. 
It  is  worthy  of  note  that  the  staff  of  the  station  now-  numbers  222,  of  w-hom  seventy- 
two  are  University-trained  engineers  and  chemists. 

The  tests  of  reinforced  concrete  during  the  \'ear,  mostly  made  at  the  request  of 
manufacturers,  include  compression  tests  on  ten  columns,  about  13  ft.  long,  for  the 
purpose  of  comparing  a  special  form  of  looped  transverse  reinforcement  with  spiral 
reinforcement,  the  concrete  mixture  and  longitudinal  reinforcement  being  the  same. 
The  spirally-wound  columns  broke  under  loads  40-60  per  cent,  greater  than  those 
furnished  with  loops — the  principal  reason  being  that  the  arrangement  of  the  latter 
was  such  that  it  was  impossible  to  ram  the  concrete,  which  was  only  distributed  by 
means  of  a  lath.  The  spirally-reinforced  columns  were  rammed  lightly  at  intervals 
of  4  to  5  in.  Similar  results  were  obtained  in  testing  a  series  of  eight  columns 
6  ft.  6  in.xi2  in.  X  12  in.,  each  with  a  different  form  of  reinforcement.  Spiral  and 
hooped  transverse  reinforcements  gave  the  highest  results. 

Four  concrete  beams,  prepared  with  a  i  :  4  cement-ballast  mixture  with  7*4  per 
cent,  of  water,  gave  a  bending  strength  of  443  lb.  per  sq.  in.  Manv  experiments  were 
also  made  to  determine  the  resistance  of  reinforcing  rods  to  slipping  in  concrete  of 
various  compositions,  and  the  permeability  of  other  mixtures  to  water. 

The  officials  are  often  called  upon  to  determine  whether  the  concrete  in  some 
building  w-as  originally  of  the  right  composition  or  not.  The  only  methods  at  present 
available  for  this  purpose  involve  the  chemical  treatment  of  the  specimen,  and  it  is 
pointed  out  that  these  methods  can  only  be  applied  when  the  sand  and  aggregate  are 
free  from  substances  soluble  in  acid.  This  is,  of  course,  the  case  when  quartz  sand 
and  gravel  are  used,  but  not  w-hen  many  other  stones  are  used.  Several  cases  of  failure 
were  traced  to  the  use  of  dirty  and  unsuitable  sand.  The  destruction  of  certain  concrete 
walls  of  sewers  and  reservoirs  was  traced  to  the  chemical  action  of  sulphates,  but  in 
at  least  one  case  the  concrete  was  both  too  poor  and  too  irregular  in  composition  to 
give  satisfactory  results. 

Fire  tests  were  made  on  heavily-loaded  floors  with  ballast  and  broken  limestone 
as  aggregates  respectively;  the  results  have  been  published  by  the  German  Reinforced 
Concrete  Comniittee.  The  miscellaneous  tests  include  many  with  raw  materials,  and 
a  comparison  of  sand-lime  bricks  with  other  building  materials. 

\  case  occurred  in  which  the  tiles  lining  a  public  bath  soon  became  loose  and 
detached  themselves.  This  was  at  first  attributed  to  expansion  of  the  cement,  but 
proved  to  be  caused  by  the  rapid  withdrawal  of  water  from  the  mortar  by  the  verv 
porous  tiles,  which  were  evidently  not  kept  sufficiently  moist  during  setting. 

Several  interesting  scientific  researches  are  briefly  alluded  to  in  the  report,  and 
their  results  are  to  be  published  in  due  course. 

Test  of  Reinforced  Concrete  with  the  Oxy-Acetylene  Blow.pipe.—  \n  a 
recent  number  of  The  Engineer  the  following  account  was  given  of  a  test  to  ascertain 
the  resistance  of  reinforced  concrete  strong  rooms  : 
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"  The  question  of  the  resistance  of  safes  and  strong-rooms  of  ordinary  construc- 
tion to  the  depredations  of  burglars  armed  with  an  oxy-acetylene  bloiw-pipe  and 
apparatus  has,  since  the  introduction  of  the  latter,  greatly  exercised  the  attention  of 
bank  officials.  It  Ls  a  well-known  fact  that  this  new  method  of  attacking  steel  is 
irresistible,  even  bv  the  hardest  metals.  With  a  view  to  ascertaining  the  resistance 
of  reinforced  concrete  strong-rooms — a  method  of  consitruction  which  is  now  being 
substituted  for  the  ordinary  strong-rooms — a  test  was  carried  out  recently  with  an 
oxv-acetvlene  blow-pipe  and  apparatus  on  a  test  slab  designed  and  prepared  by  the 
Indented  Bar  and  Concrete  Engineering  Company,  of  Queen  Anne's  Chambers,  \\'e9t- 
minster.  The  sample  selected 
for  the  test  was  a  slab  reinforced 
with  an  indented  bar  ^  sq.  in. 
side,  which  had  previously  been 
used  in  a  fire-resisting  test.  The 
concrete  was  composed  of  the 
following  :  i  part  cement,  if 
parts  sand,  4^  parts  coarse  aggre- 
gate (granite). 

The  oxy-acetylene  blow-pijx^ 
was  applied  to  the  slab — the 
metal  cutter  being  useless  in  the 
case  of  concrete — for  twenty- 
four  minutes,  at  the  end  of 
which  period  and  after  much 
raking  out  of  the  resulting  glass 
formed  by  the  fusion  of  the  sand, 
and  accompanied  by  the  deafen- 
ing roar  of  the  blow-pipe,  a  hole 
3^  in.  in  diameter  was  made 
through  the  slab.  Whenever  a 
steel  bar  was  met  the  metal 
cutter — i.e.,  a  stream  of  pure 
oxygen  directed  on  to  the  white- 
hot  steel — was  brought  into 
action,  and  the  steel  instantly 
fused  away.  The  concrete  was 
the  material  which  gave  the  trouble,  the  metal  cutter  being  powerless  to  act  upon  it. 

It  is  interesting  to  note  that  the  same  thickness  of  steel  of  any  grade,  harveyised, 
nickel,  nickel-chrome,  or  any  other-  hardened  steel,  would  probably  have  been  cut 
through  neatly  and  cleanly  by  the  metal  cutter  in  about  four  minutes.  Apparently 
there  is  no  steel  made  which  cannot  be  quickly  cut  through  in  this  fashion,  as  the 
process  is  a  chemical  combination  of  the  steel  with  the  oxygen,  resulting  in  the  com- 
plete combustion  of  the  steel.  The  only  form  of  plate  which  offers  any  resistance  is 
a  combination  of  steel  with  copper  or  cast  iron  in  separate  sections  ;  but  even  this,  we 
are  informed,  does  not  present  much  difficult}-  to  the  oxy-acetylene  flame. 

The  result  of  the  test  was  as  follows  :  Thickness  of  slab,  6  in.  ;  cubic  foot  of 
oxvgen  consumed,  -55  ;  cubic  foot  of  acetylene,  -45  ;  time  occupied,  twenty-four  minutes ; 
sizte  of  resulting  hole,  3^  In.  diameter. '  The  test  is  clearly  strongly  in  favour  of  the 
concrete  as  contrasted  with  steel,  as  the  time  for  making  a  hole  serviceable  to  a 
burglar  is  practically  prohibitive,  to  say  nothing  of  the  roar  of  the  burner.  The  really 
enterprising  burglar  must  clearly  seek  for  other  means  of  destroying  concrete. 

A  Semi  Concrete  Condenser  House.  — Mr.  E.  F.  Lloyd  described  to  the  annual 
meeting  of  the  Michigan  Gas  Association  how  he  built  what  he  calls  a  semi-concrete 
condenser  house.  The  subsoil  being  of  rather  doubtful  quality,  and  the  question  of 
economy  being  a  desideratum,  it  was  decided  to  put  up  a  building  that  would  accom- 
modate itself  to  some  possible  subsidence  of  the  ground,  that  would  be  cheap  to 
construct,  sufficiently  fireproof  to  require  no  insurance,  and  while  not  decorative,  yet 
of  a  generally  pleasing  character.  A  foundation  wall  was  first  built  of  concrete,  about 
12  in.  thick.'    On   the   top  of  this  wall,   and  before  it  had  set,  was  embedded  a  2-in. 
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by  4-in.  scantling,  laid  flat  and  set  back  i  in.  from  the  proposed  face  of  the  wall  above. 
On  this  light  sill  were  erected  2-in.  by  6-in.  studs  of  the  required  height,  some  of  them 
being  in  a  single  piece,  others,  in  the  higher  part  of  the  building,  in  two  lengths, 
spliced.  These  were  connected  together  at  the  top  with  a  2-in.  bv  4-in.  plate,  similar 
to  the  sill  below;  2-in.  by  6-in.  rough  sills  and  heads  were  inserted  for  windows,  etc. 

To  suitably  stiffen  this  framework  holes  were  drilled  in  the  studs,  and  "  seconds  " 
fence  wire  procured  from  a  local  fence  factory  and  run  through  these  holes  in  the 
situds  in  a  generally  diagonal  manner.  These  wires  were  then  twisted  tight,  forming 
substantially  a  basket  construction,  having  extreme  rigiditv  and  lightness.  There- 
after forms  were  made,  in  the  shape  of  ordinary  matched  pine  flooring,  put  up  in  the 
manner  of  doors,  long  enough  to  span  about  three  spaces  and  about  30  in.  high.  These 
were  conveniently  fastened  both  sides  of  the  studs,  and  ordinary  three-quarter  stone 
concrete  was  filled  between  them,  being  spaded  down  against  the  forms,  to  bring  the 
fine  material  to  the  surface  of  the  walls.  As  the  concrete  set  suflicientlv  to  hold  itself 
in  place  the  forms  were  removed  and  placed  elsewhere. 

The  forming  of  pilasters  on  the  exterior  face  was  accomplished  in  a  simple  manner. 
The  various  forms  were  held  in  place  either  by  nailing  to  the  studs  or  by  passing  wires 
through  the  forms  and  tightening  them  to  hold  the  forms  to  the  studs.  These  wires 
were  afterwards  snipped  off  at  the  wall  surface.  The  work  thus  continued  until  the 
plate  at  the  top  of  the  studs  was  embedded  in  concrete.  As  the  work  progressed  the 
requisite  channel  joists  for  a  mezzanine  floor  and  roof  were  placed. 

The  roof  and  the  mezzanine  floor  were  constructed  by  laving  Trussit  metal  trans- 
versely on  the  steel  channel  joists,  after  which  concrete  mortar,  made  of  sand  and 
cement  only,  was  spread  over  the  top  of  the  metal,  the  latter  being  sufticientlv  stiff" 
to  carr}-  the  workman.  After  the  mortar  applied  to  the  upper  side  of  the  metal  had 
partially  set  a  plaster  coating  of  mortar  was  applied  below. 

After  the  walls  were  completed  and  thoroughly  dried,  and  the  windows,  etc., 
placed,  the  outside  faces  of  the  2-in.  by  6-in.  studs,  which,  of  course,  are  flush  with 
the  face  of  the  concrete,  were  covered  with  vertical  3-in.  by  i-in.  cvpress  strips, 
chamfered,  and  finished  in  natural  oil.  —  The  Gas    Wurld. 

Reinforced  Pier  Offices  and  Waiting-rooms  at  Douglas. — New  pier  offices 
and  waiting-rooms  are  to  be  erected  for  the  Harbour  Board  Commissioners  at 
Douglas  in  reinforced  concrete  on  the  British  Reinforced  Concrete  Engineering  Co.'s 
system. 

Mm  at  King's  Cross,  Halifax. — A  new  mill  is  to  be  erected  at  King's  Cross, 
Halifax,  for  which  Messrs.  Jackson  and  Fox,  of  Halifax,  are  the  architects,  and  in 
which  it  is  proposed  that  the  whole  of  the  floors  and  roof  shall  be  carried  out  in 
reinforced  concrete. 

Foundations  for  Retort  house.  —  An  extensive  new  retort  house  is  to  be 
erected  at  Nelson  for  the  Corporation  Gas  \\'orks,  the  foundations  for  which  are  to 
be  carried  on  a  reinfnrced-cnncrete  raft. 

Proposed  Reinforced  Concrete  Bridge  at  Neepsend,  Sheffield. — It  is  proposed 
to  erect  a  reinforced-concrete  bridge  over  the  Great  Central  Railway  at  Neepsend  by 
the  Sheffield  (Corporation  Electric  Lighting  Department. 

Territorial  Barracks,  York. —  In  the  new  Luniley  Territorial  Barracks  recently 
opened  at  Yt>rk  all  the  reinforced  concrete  work  was  carried  out  by  Mr.  W.  Birch, 
contractor  of  York,  under  Mr.  W.  Brierley,  F.R.I.B.A.,  of  York. 

New  Arcade,  Halifax.  —  Messrs.  Clement  Williams  and  Sons,  architects,  of 
Halifax,  who  have  Ixen  engaged  on  drawings  for  an  elaborate  new  arcade  with  ex- 
tensive shops  on  either  side  running  from  the  main  thoroughfare  of  Commercial 
Street,  Halifax,  have  now  let  the  concrete  for  the  whole  of  the  reinforced  concrete 
work  to  the  British  Reinforced  Concrete  Engineering  Co.,  of  Manchester. 

TRADE    NOTICES.    CATALOGUES.    ETC. 

New  Offices   of  the  First   Cottbus   Cement   Goods.-^Mr.  R.  H.  Baunigarten, 

representative  of  the  First  Cottbus  Cement  Goods  and  Machine  \Yorks,   has  informed 

us  that  the  office  of  this  fimi  has  been  removed  to  8  Manor  Park,  Lewisham,   London, 

S.E.     Anybody  interested  in   the  manufacture   of  concrete  bricks,   tiles,    pipes,   slabs, 
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posts,  etc.,  will  be  shown  at  the  ;ibov<-ni<-ntion<<l  ot'tlas  how  this  is  done  on   the  most 
up-to-date  methods. 

Indented  Bar  Bulletin. --The  ei.uhteenth  bulletin  of  the  Indented  Bar  and  Concrete 
Eni^in<iriri|L;  ("(imjjany  contains,  amonjfst  other  interestin<.J  matters,  an  account,  accom- 
panied by  illustrations,  of  the  "  Afzali*unj  "  .Bridge,  which  forms  the  main  approach 
to  the  City  of  Hyderabad,  and  is  the  largest  reinforced  concrete  bridge  in  India. 
Indented  bars  were  used  throughout  as  reinforcement. 

The  bulletin  is,  as  usual,  well  printed  and  illustrated,  and  should  serve  as  a  useful 
guide  to  th<'  man\'  works  carri<"d  out   by  this  company. 

Kennedy  Bar'bending  Machine. —  Mr.  W.  Kennedy,  of  ii  Furzeham  Road,  West 
Drayton,  .Middlesex,  has  sent  us  his  latest  catalogue  of  ".Bar-bending  Machines," 
which  gives  full  particulars  of  his  different  machines  and  shows  the  method  of  using 
them.  These  contrivances  are  of  the  greatest  possible  use  for  reinforced  concrete  work, 
and  Mr.  Kennedy  is  also  open  to  contract  for  bending  bars  on  the  site,  w-hich  would 
in  most  cases  be  a  distinct  advantage. 

Full  information  will  be  sent  to  anyone  applying  to  the  owner  at  the  above- 
mentioned  address. 


*'  BIC  " 


"BIC" 


BRITISH 
IMPROVED  CONSTRUCTION  CO.,  LD. 

Telephone:  4067  Victoria.  Telegrams:  "  Biconxrete,  London.' 

47  VICTORIA  STREET.  WESTMINSTER. 


Three  feet  long 


Flat-based  Concrete  Pipes 

to 


Nine  f«et  long. 


Breeze  Partitions 
Reinforced  Sleepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'  DESIGNS  CARRIED  OUT  TO  ORDER. 
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EDITORIAL    NOTES. 


THE    LONDON    PORT    AUTHORITY    AND    REINFORCED    CONCRETE. 

W'e  regret  to  hedr  that  the  London  Port  Authority  appear  to  have  taken  a 
somewhat  narrow  view  of  the  manner  of  dealings  with  the  reinforced  concrete 
works  to  be  executed  under  their  impravement  scheme.  Thev  have  apparently 
limited  the  desig'n  of  a  considerable  section  of  the  new  works  to  one  system, 
and  have  unwisely  not  invited  designs  on  any  other  system  but  the  one 
favoured,  whereby  ag-ain  the  number  of  contractors  who  have  been  able  to 
tender  for  the  work  has  been  limited  to  those  who  happen  to  be  licensees  of 
the  system  in  question,  or  are  prepared  to  become  licensees  of  the  proprietors 
of  the  rig-hts. 

That  the  London  Port  Authority  is  using  reinforced  concrete  is,  of  course, 
a  matter  of  congratulation,  for  the  use  of  this  material  spells  economy,  and 
if  it  is  properly  applied  it  will  favourably  affect  the  insurance  rates  in  any 
reinforced  concrete  buildings. 

Further,  the  system  selected  has  stood  the  test  of  time,  and  the  contractors 
who  apply  it  or  are  licensees  are  generally  of  good  standing. 

But  however  excellent  the  policy  of  using  reinforced  concrete,  and  however 
satisfactory  the  system  of  design  adopted,  the  London  Port  Authority  must 
not  make  the  blunder  of  showing  partiality  to  any  one  system  of  design  or 
any  one  group  of  contractors.  There  are  many  good  systems  of  design 
available  and  many  excellent  contractors,  and  most  of  these  proprietary 
systems  and  firms  are  conducted  "by  British  subjects  and  ratepayers  of  the 
London  County. 

To  discriminate  as  the  Port  Authority  has  done  is  wrong,  technically  and 
economically,  and  apart  from  this  there  should  surely  be  some  local  patriotism 
and  some  attention  to  the  claims  of  firms  which  directly  and  indirectly  contribute 
to  the  funds  of  the  Port  of  London. 

We  are  inclined  to  take  the  same  view  as  we  took  some  years  ago,  when 
a  Government  Department  made  a  similar  blunder — namely,  that  it  is  a  blunder 
pure  and  simple.  But  it  must  not  be  repeated,  and  must  be  remedied  as  far 
as  is  still  possible.  ' 

Having  regard  to  the  blunder,  we  trust  that  the  modern  requirements  of 
design,  factors  of  safety  and  ample  fire  protection  will  be  most  carefully 
observed,  for,  having  made  such  a  mistake,  the  London  Port  Authority  must 
be  prepared  for  encountering  very  watchful  eyes,  and  ignorance  of  the  errcr 
or  the  legitimate  grievance  in  the  matter  cannot  be  pleaded  after  the  publication 
of  this  editorial,  a  copy  of  which  will  reach  every  member  of  the  Authority  and 
its  principal  advisers. 
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THE    REQUIREMENTS    OF    REINFORCED    CONCRETE    AND    THE 
CONCRETE    INSTITUTE. 

Till-  Concrete  Institute  devotes  considerable  time  to  administrative  changes 
— its  council  and  a  sub-committee  are,  we  understand,  again  engaged  in  this 
direction.  In  the  meantime  its  primary  objects  are  not  being  energetically 
pursui'd,  and  the  complaints  we  are  receiving  are  so  numerous  and  frequently 
so  bitter  in  tone,  that  we  would  again  urge  the  Council  to  shelve  its  regrettable 
internal  differences,  and  do  some  solid  work  in  the  interests  of  concrete  and 
reinforced  concrete.  The  prestige  of  the  Institute  can  only  be  safeguarded 
by  again  accomplishing  something  useful  promptly  and  well,  as  in  its  early 
days. 

One  of  the  most  serious  diliiculties  in  the  development  of  reinforced 
concrete  has  been  the  inane  method  of  estimates  and  tenders  which  have  been 
bad  for  building  owners,  specialists  and  contractors  alike,  and  the  source  of 
infinite  trouble  to  architects  and  engineers. 

Cannot  the  Institute,  with  its  wisdom,  settle  in  precise  terms  the  best 
practice  of  tenders,  deline  the  relative  responsibilities  of  contractors  and 
specialists,  and  give  the  professions  concerned  a  practical  lead  in  the  matter? 

We  trust  that  the  Council  will  turn  its  attention  to  this  and  other  matters 
relating  to  the  industry  which  need  adjustment.  We  have  no  wish  to  belittle 
the  work  of  the  Concrete  Institute  of  the  last  year,  yet  it  would  be  diflicult  to 
It  11(1  anything  very  practical  accomplished. 

W'e  now  publish  a  communication  we  have  received  on  what  we  consider 
an  urgent  matter  that  should  have  the  Institute's  attention,  and,  in  putting 
this  letter  forward,  we  would  mention  that  we  have  several  more  expressing 
views  on  urgent  matters  that  should  be  attended  to  by  that  body. 

The  regulation  of  the  question  of  reinforced  concrete  estimates,  tenders 
and  responsibilities  would  be  something  useful.  The  Institute  is  quite  as 
capable  of  doing  this  as  the  Royal  Institute  of  British  Architects  was  in  the 
work  of  its  joint  committee.  We  trust  the  year  will  not  again  close  without 
a  step  in  the  right  direction  being  taken. 

TENDERING    IN   REINFORCED   CONCRETE    (Communicated). 

It  is  well  fstablishcd  that,  under  the  present  circumstances,  reinforced  concrete 
specialists  are  put  to  considerable  expense  in  the  preparation  of  elaborate  schemes  and 
quantities  in  connection  with  all  manner  of  tenders,  so  that  a  large  proportion  of  the 
profit  secured  on  the  contracts  actually  obtained  goes  to  cover  the  loss  due  to  the  cost 
of  schemes  either  never  executed  or  unsuccessfully  tendered  for. 

Something  should  be  done  to  alter  this  state  of  affairs,  and  I  repeat  the  suggestion 
which  has  frequently  been  made— namely,  that  the  engineer  or  architect  should  first 
prepare  the  general  design,  showing  position  of  beams  and  pillars,  and  approximate 
dimensions  of  the  various  parts  of  the  structure,  then  measure  up  the  approximate 
amount  of  concrete,  steel,  and  total  centering  required,  or  employ  a  quantity  survevor 
to  do  this,  and  afterwards  write  a  proper  skeleton  specification,  giving  the  general 
conditions  to  be  observed.  The  amount  of  steel  could  be  roughly  estimated  on  the 
basis  of  a  percentage  of  the  concrete,  as  there  are  ample  data  available  for  this. 
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Having  prepared  these  preliminary  plans,  approximate  quantities  and  skeleton 
specification,  the  architect  or  engineer  would  then  be  in  a  position  to  get  a  rough  idea 
of  the  cost  of  the  work — at  least  to  the  extent  of  knowing  whether  it  is  worth  while 
to  go  on  with  his  scheme  or  whether  it  requires  modification  before  the  plans  are 
sent  out  for  tender. 

Having  made  up  his  mind  on  this  all-important  matter,  he  can  determine  which 
of  the  various  systems  he  would  be  willing  to  adopt  for  the  execution  of  the  work. 
He  can  thereupon  schedule  these  in  his  letter  inviting  tenders,  which  letters  should 
go  to  a  limited  number  of  contractors  experienced  in   reinforced  concrete  work. 

On  receipt  of  these  particulars,  the  contractor  would  then  communicate  with 
firms  representing  the  various  systems  of  reinforced  concrete  mentioned  in  the 
specification,  in  order  to  ascertain  from  them  on  what  terms  thev  would  undertake 
the  preparation  of  complete  working  drawings.  Where  special  patented  bars  or  mesh- 
work  are  used,  the  cost  of  the  drawings  should  be  deducted  from  the  cost  of  the 
steel,  as  the  practice  of  to-day  assumes  that  the  cost  of  drawings  is  included  in  the 
price  of  the  special  reinforcement. 

The  contractors'  tender,  by  the  by,  should  include  a  schedule  of  prices  for  extras 
or  deductions. 

By  the  method  advocated  above  architects  and  engineers  would  obtain  tenders 
quicker  than  if  they  had  to  wait  for  several  weeks  until  the  specialists  had  time  to 
prepare  their  scheme  and  quantities,  which  must  of  necessity  be  accurate,  owing  to 
the  fact  that,  by  the  present  method  of  competition,  the  specialist  designer  becomes 
responsible  to  the  contractor,  not  only  for  his  scheme,  but  also  financially  for  the 
sufficiency  of  his  quantities. 

On  account  of  the  development  of  reinforced  concrete,  the  specialist  designers  are 
all  at  present  receiving  a  large  number  of  inquiries  which  have  to  be  studied  with 
abnormal  rapidity,  with  the  result  that  they  have  to  run  considerable  risks  owing 
to  possible  mistakes. 

It  is  well  established  that  the  actual  method  of  competition  tends  to  reduce  the 
efficiency  of  the  design,  because  the  quantities  have  to  be  cut  down  to  their  last  limit. 
This  is,  of  course,  bound  to  lead  ultimately  to  the  dissatisfaction  both  of  the  architect 
or  engineer  and  the  owner,  and  this  state  of  affairs  is  not  to  the  general  advantage 
of  reinforced  concrete,  whereas  by  the  method  recommended,  once  the  architect  or 
engineer  has  decided  upon  the  contractor  and  upon  the  system  giving  the  best  advan- 
tages both  in  security  and  economy,  there  would  be  a  perfect  collaboration  between 
the  architect  and  the  specialist  designer,  with  the  result  that  the  structure  would 
be  better. 

It  may  be  argued  that  an  unscrupulous  designer  might  increase  the  quantity  of 
steel  and  concrete  to  enhance  the  value  of  the  work.  The  answer  is  that  there  are 
now  simple  means  of  verification  which  could  easily  be  applied  by  the  architect  or 
engineer  to  check  the  quantities  of  steel  and  concrete. 

To  obviate  this  difficulty  it  is  suggested  that  in  the  case  of  specialist  designers  not 
interested  in  the  sale  of  any  patent  reinforcement  a  lump  sum  fee  instead  of  a  com- 
mission on  the  value  of  the  worfc  executed  should  be  fixed,  and  concerning  the  firms 
selling  patent  reinforcement  it  would  be  to  their  own  interest  to  keep  the  cost  of  the 
tonnage  required  as  low  as  possible,  because  this  cost  includes  an  estimated  amount 
for  the  ]jre])aration  of  plans. 

Incidentallv  this  method  of  procedure  would  be  to  the  advantage  of  quantity 
surveyors,  who  would  then  get  the  share  of  the  work  to  which  they  are  entitled, 
rnder  present  conditions  the  specialist  is  obliged  to  prepare  his  own  quantities  owing 
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to  lack  of  tiiiH',  and  because  he  has  to  assume  llie  linancial  respon.^ibilily  of  his 
quantities,  he  prefers  to  establish  them  himself. 

As  an  allcnialixe  to  this  suj^gestion,  of  course  if  the  architect  or  engineer  is 
given  a  free  hand  by  tiic  owner  he  mav  specify  exclusively  any  specialist  or  system 
offering  the  best  adxanlagcs  of  cconom}'  ruid  ciricicnry. 

Regarding  public  works,  however,  it  is  impossible  for  the  architect  or  engineer 
to  specify  any  particular  system  or  specialist  designer  without  immediately  arousing 
a  protest  from  all  the  other  specialists  and  also  from  the  contractors  who  are  not 
licensees  of  that  particular  system. 

I  am  of  opinion,  therefore,  that  t!ie  only  way  to  solve  the  difficulty  in  a  satisfactory 
manner  is  that  the  architects  and  engineers,  both  for  private  and  Government  work, 
should  adopt  the  method  of  procedure  suggested  above. 
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FORMS    FOR    REIN- 
FORCED CONCRETE 
FLOORS,  BEAMS 
AND    COLUMNS. 


By  H.  KEMPTON  DYSON. 

In  our  preceding  number  ive  published  particulars  of  a  neiu  form  of  centering  for  bridge 
construction  emanating  from  America,  and  "we  are  noiv  "very  pleased  togivean  article  by  an 
English  author  suggesting  a  new  method  of  designing  forms  for  -einforced  concrete  floors, 
beams  and  columns,  'which  merits  the  closest  study  of  all  interested  in  reinforced  concrete 
•work.  — ED. 


The  desigfn  of  centering- — or  "  forms  "  as  better  called — for  reinforced 
concrete  is  a  very  important  branch  in  the  execution  of  the  work,  for  not  only 
is  its  erection  a  matter  of  the  greatest  importance  as  regards  the  cost  of  the 
work,  but  it  materially  affects  the  stability  and  appearance  of  the  structure. 
Various  attempts  have  been  made  to  devise  methods  of  centering-  which  shall 
possess  features  of  economy  and  efficiency.  It  seems  to  be  accepted  by  man\- 
contractors,  however,  that  it  is  hopeless  to  attempt  to  devise  a  standard 
centering,  specially  in  the  conditions  of  English  practice,  where  many  buildings 
are  situated  upon  a^\■kwardly-shaped  and  restricted  sites,  which  result  in 
beams  and  panels  being  of  very  ^■ariable  dimensions. 

Where  a  building  is  regular  in  disposition  and,  both  by  reason  of  the 
purpose  it  is  to  serve  and  regularity  of  site,  the  floors  are  designed  with  equal- 
sized  floor  panels  and  beams,  it  is  possible  often  to  design  centering  applicable 
for  that  job  which  can  be  used  over  and  over  again,  and  in  such  cases  the  timber 
is  made  to  serve  many  times  over,  some  attempt  being  made  to  design  a 
centering  which  shall  be  easilv  removable,  and  that  can  be  easily  re-erected. 
In  such  cases  the  work  becomes  rhuch  more  economical  and  efficient. 

But,  as  has  been  stated,  the  conditions  of  the  majority  of  English  buildings 
are  against  maximum  economy  being  obtained  in  this  way.  Therefore,  when 
floors  have  all  differently-sized  beams  and  floor  panels,  reinforced  concrete  is 
placed  at  a  material  disadvantage  because  of  the  greatly  increased  cost  of  the 
centering  which  is  so  important  to  the  work.  The  cost  of  the  centering  may 
vary  from,  sav,  lo  to  70  per  cent,  of  the  total  cost  of  the  reinforced  concrete 
work,  and,  even  under  fairly  good  conditions,  frequently  comes  out  at  30  per 
cent,  of  the  work.  Reinforced  concrete  design  is  economical  with  regard  to  the 
concrete  and  steel  required,  though  the  labour  is  generally  more  than  with 
ordinary  structural  steel  and  concrete  floors.  However,  if  it  were  not  for  the 
centering-  in  almost  all  cases  reinforced  concrete  would  be  found  more  ccono- 
mical  than  ordinary  standard  steel  sections  and  concrete  filled  between,  and 
could  be  carried  out  with  as  much  speed. 

If,  therefore,  it  were  possible  to  devise  a  method  of  centering  which  could 
be  emploved  in  the  majoritv  of  cases  in  England  and  for  almost  any  job,  and 

83 


H.  KEMPTON  DYSON.  [CO^BETEl 

which  offered,  if  not  an  ideal  standardised  system,  some  features  of  economy, 
it  would  lead  to  the  greatly  increased  use  of  reinforced  concrete,  and  would  in 
some  ways  help  to  bring  the  material  into  better  repute,  because,  when  the 
reinforced  concrete  contractors  are  so  anxious  to  prove  the  superior  economy 
of  their  material  over  ordinary  steelwork  construction,  there  is  a  tendency  to 
cut  the  centering  too  much  and  risk  bad  workmanship.  The  problem  is,  con- 
sequentlv,  one  which  may  well  exercise  the  attention  of  contractors  and  others. 
Most  contractors  work  with  one  or  two  specialist  designers,  and  a  standard 
centering  could  be  devised  and  worked  to  by  both  the  designer  and  the 
contractor. 

The  suggestion  here  put  forward  is  not  claimed  to  be  above  reproach  ; 
it  is  only  brought  out  as  a  record  of  some  ideas  which  may  possibly  be  developed 
and  improved  in  practice,  or,  perhaps,  if  not  considered  suitable  for  adoption  in 
any  respect,  may  lead  to  something  really  serviceable  being  devised.  The 
conditions  which  it  is  attempted  in  this  proposal  to  fill  are  (i)  to  have  a  number 
of  parts  in  centering  which  can  be  kept  in  stock  by  general  builders  or  by 
specialist  contractors  for  reinforced  concrete  work,  these  parts  being  such 
as  will  work  in  frequently  for  jobs  of  very  varied  character,  so  that  the  cost 
will  be  spread  over  a  great  amount  of  work ;  and  (2)  that  where  timbers  have 
to  be  cut  to  length  they  shall  be  kept  in  as  long  lengths  as  possible,  and  not 
cut  about  so  that  they  cannot  be  used  again  except  for  such  purposes  as  firewood. 

One  finds  in  the  majority  of  cases  that  after  each  job  contractors  have  a 
great  deal  of  timber  in  short  lengths,  which  is  never  worked  in  again,  and  is 
ultimately  made  use  of  for  firewood,  a  small  amount,  perhaps,  being  used  for 
such  purposes  as  filling  boards,  and  so  on,  where  short  lengths  are  usable.  If 
only  the  timber  could  be  kept  in  fairly  long  lengths,  though  it  had  to  be  cut 
about  somewhat,  it  would  be  usable  many  more  times  than  when  the  framing 
of  the  beams  and  floor  panels  is,  as  is  often  seen,  cut  into  short  lengths  to  merely 
fill  in  between,  giving  an  appearance  of  patchwork.  Not  only  does  one  see 
this  in  beams  and  floor  slabs,  but  often  in  column  forms  and  in  uprights  or 
props. 

In  attempts  at  producing  a  sort  of  standard  design  of  centering  a  feature 
has  often  been  the  tendency  to  economise  props.  Now,  considering  that  the 
props  are  the  most  usable  pieces  of  timber,  and  undergo  only  a  comparatively 
small  amount  of  wastage,  this  is  no  particular  advantage,  although  it  is  urged 
for  the  policy  that  it  leaves  an  unencumbered  space  in  the  floor  area  below. 
One  can,  however,  obtain  a  sufficiently  unencumbered  space  below  even  when  a 
large  number  of  props  are  used.  These  props  are,  of  course,  of  heavy  timber, 
but  that  timber,  if  it  can  be  used  over  and  over  again,  does  not  add  much  to  the 
cost  of  any  one  job. 

These  preliminary  remarks  will  enable  us  to  describe  the  design  here  put 
forward,  and  call  attention  to  the  manner  in  which  the  above-named  desiderata 
are  to  be  met. 

/'/,<;•  I  shows  the  manner  of  framing  the  forms  for  supporting  floor  panels 
and  secondary  beams.  Fig.  1  being  a  cross-section  through  the  secondary  beams, 
and  Fig.  2  a  variation  of  the  framing  of  the  secondary  beams. 

Firstly,    it   will   be   noted   that   the  centering   is   arranged   for   a   secondary 


fo,  CONST  UUC-|10NAL1 
Lt^EJMGlMEERING J 


FORMS  FOR  USE  IN  REINFORCED  CONCRETE. 


beam  measuring-  as  a  maximum  6  in.  in  width  by  lo  in.  in  depth,  this  being- 
reducible  in  depth  by  the  aid  of  blocking:  pieces,  as  shown  in  Fig.  2.  If  a 
desig-ner  chooses  to  make  the  width  of  his  beams  5  in.,  say,  which  is  about  the 
minimum  nhich  they  could  be  made,  or  prefers  not  to  go  below  7  in.   or  8  in., 
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the  modification  is  easily  made  ;  but  6  in.  for  the  width  of  a  secondary  beam 
is  probably  the  best  as  a  standard  width,  and  the  depth  is  the  dimension  in  which 
the  variation  will  probably  arise. 

The   sides   of   these   beam   boxes   are   framed   of    i-in.    stuff  for  cheapness 
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and  convcniciicf  in  liaiidlinj^-.  The  bottom  of  the  beam  box,  however,  is  made 
of  2-in.  stuff,  because  it  has  to  carry  weig^ht  over  some  distance  without  sagging. 
The  beam  boxes  are  sustained  on  double  upri^Hits  bolted  together,  which  extend 
up  on  either  side  f)f  the  beam  boxes,  adjusted  in  height  by  folding  wedges  at 
the  tops,  driven  in  between  clamps  (which  latter  are  screwed  to  the  uprights) 
and  the  cross-bearers  under  the  Ijottoms  of  the  beams.     These  cleats  can  easily 

be   attached    at   any    height    if 
„         such    alteration   be   necessary, 
^  J  I  rp"    and  the  only  material  damage 

^  by  such  alteration  would  be  in 

^■z"" /z"      J       the  destruction  of  an  odd  piece 

^    of    timber    such    as    the    cleat 

would  be  made  of.    A  dilTerent 
size     of     base-plate      at      the 

Fig.  3.     Ci.amp.  r      i  •     i 

bottoms  oi  the  uprights  may 
also  be  employed  to  varv  the  lieight.  The  sides  of  the  beam  boxes  are  clamped 
together  at  the  bottom  by  iron  chimps,  a  suggestion  for  which  is  given  in  Fig.  3. 
By  reason  of  the  int-lined  hole  in  the  shorter  loose  end,  these  clamps  wedge 
themselves  in  place,  and  are  easily  removable  by  just  tapping  the  short 
end.  The  cross-bearers  in  the  bottoms  of  the  beams  sustain  5  in.  by  2  in.  joists, 
whicli  again  carry  4  in.  by  2  in.  joists,  these  in  turn  sustaining  i-in.  boarding, 
which  receives  the  slab  concrete.  These  do  not  extend  completely  between  the 
beam  boxes  by  more  than  2  in.,  and  therefore  a  variation  in  length  is  not 
material,  so  that  the  bulk  of  such  timber  kept  in  stock  would  work  in  again 
without  cutting. 

The  tops  of  the  beam  boxes  are  kept  in  position  by  wedges  in  between 
these  4  in.  bv  2  in.  joists,  and  the  5  in.  by  2  in.  joists  are  wedged  up  to  the 
correct  height  off  the  cross-bearers,  which  in  turn  are  wedged  from  the  cleats 
on  the  uprights.  The  beam  boxes  are  kept  open  by  a  4  in.  by  2  in.  blocking 
piece  as  shown,  these  being  taken  out  when  the  concrete  is  filled  in  the  beam 
and,  by  its  own  weight,  serves  the  purpose  of  keeping  the  boards  tight  against 
the  external  wedges.  Now,  it  is  easy  to  see  that  such  a  form  of  upright  is 
preferable,  as  they  are  not  underneath  the  beams,  which  would  require  them 
to  be  of  one  height,  and  would  necessitate  frequent  cutting  in  buildings  with 
floors  of  different  heights. 

The  boarding  to  sustain  the  slab  concrete,  it  should  be  noticed,  is  made  to 
run  parallel  with  the  beam  boxes ;  this  means  that  the  boarding  is  not  cut  into 
short  lengths  to  frame  between  the  beams,  but  can  be  used  in  fairlv  long  lengths, 
an  economy  which  has  been  referred  to  above.  The  end  boards,  which  may 
overhang  the  4  in.  by  2  in.  joists,  bear  upon  the  tops  of  the  side  boards  of  the 
beam  boxing,  and  are  the  only  fillers,  and  a  few  narrower  boards  may  even  then 
be  used  to  avoid  cutting.  The  boarding,  being  i-in.  stuff,  is  cheap  and  readily 
handled,  and  is  therefore  very  economical,  but  the  supports  have  to  be  placed 
fairly  close  together  to  prevent  any  sagging,  a  point  which  wants  careful 
watching,  because  where  such  light  boarding  is  used  one  often  finds  the  work 
very  uneven,  and  this  unevenness  often  necessitates  rendering,  which  adds  so 
greatly  to  the  cost  of  the  work. 
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This  desig-n  fulfils  another  requirement,  which  it  is  worth  while 
endea\ouring-  to  meet,  and  that  is  that  every  part  should  be  able  to  be  removed 
independent  of  the  other,  and  allow  the  wedgies  to  be  removed,  firstly,  so  as  to 
observe  if  the  work  is  defective,  as  in  some  cases  it  is  only  possible  to 
see  that  the  work  is  satisfactory  by  removing-  the  uprig-hts  of  the  centering-, 
which  risks  the  sudden  collapse  of  the  whole  structure.  Thus,  in  this  particular 
portion  of  the  work,  it  is  possible  to  firstly  remove  the  sides  of  the  beams,  which 
should  be  done  in  two  or  three  days,  so  as  to  allow  the  air  to  dry  the  concrete 
and  harden  it.  It  is  then  possible  to  remove  the  Vvcdges  from  under  the  5  in.  by 
2  in.  joists  and  turn  over  on  either  side  the  4  in.  by  2  in.  joists,  so  stopping  the 
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Fig.  4.     Plan  oi-   Uprights. 


boards  from  tumbling-  down  and  injuring-  the  men  removing-  the  centering". 
These  boards  can  then  be  taken  away,  still  leaving-  the  4  in.  by  2  in.  joists  in 
place.  A  few  days  later,  if  this  be  the  method  adopted,  the  wedges  in  between 
the  cleats  and  cross-bearers  of  the  beams  can  be  eased,  when  the  whole 
of  the  weight  will  begin  to  bear  on  the  beams,  and  one  can  observe  the  deflection, 
and  see  whether  the  work  is  good  ;  should  there  be  any  failure  evidenced,  the 
slabs  would  be  caught  bv  the  4  in.  bv  2  in.  joists,  which  have  been  turned  over 
on  the  flat,  and  by  the  bottom  boards  of  the  beam  boxes. 

Such  a  design,  therefore,  as  suggested,  fulfils  all  requirements ;  the  parts 

S7 


H.  KEMPTON  DYSON. 


ICQNCBETF!! 


can  be  removed  separately  willi  safety,  the  work  is  not  ciamaged  in  the  removal 
the  timbers  can  be  used  ag-ain  without  much  cutting-,  and  the  labour  of  removal 
and  re-erection  is  small. 


The  4  in.  by  2  in.  blocking-  pieces  at  the  tops  of  the  beams  are  also  service- 
able to  suspend  the  steel  the  right  distance  above  the  bottom  of  the  beams.  The 
depth  of  the  beam  is  accurately  gfaug-ed  by  nailing-  the  triangular  fillets  the  right 
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height  above  the  bottom,  and  then  wedg-uig-  up  the  2-in.  bottom  boards  to  stop 
ag^ainst  them. 

The  standards  are  placed  convenient  distances  along-  the  secondary  beams, 
as  shown  in  the  plan,  Fig.  4  and  in  Fig.  5,  and  are  cross-braced  diagonally  to  give 
stiffness,  these  cross-braces  being  4-in.  by  i-in.  boards,  tacked  by  nails.  These 
nails,  as  all  others,  it  should  be  noted,  should  be  left  with  their  heads  projecting, 
so  that  thev  can  be  easily  withdrawn. 

The  sides  of  the  secondary  beams  are  formed  of  long  lengths  of  boards, 
and,  working  to  the  standard  size  suggested — namely,  12  in. — one  can  form 
the  sides  of  the  beam  boxes  of  two  6-in.  boards.  These  boards  need  to  be  cut 
to  length,  but  they  are  of  sufficient  length,  as  a  rule,  to  enable  them  to  be  worked 
in  again,  or,  even  should  they  be  eventually  cut  into  short  lengths,  it  is  possible 
to  use  them  for  filling  boards,  as  will  be  detailed  later.  The  ends  of  the 
secondary  beam  boxes,  of  course,  have  eventually  to  meet  or  enter  the  main 
beam  boxes.  The  advisability  of  using  the  12-in.  boards  as  the  sides  of  the 
beam  is  again  apparent,  because  the  size  is  best  to  work  in  with  the  framing  of 
the  main  beam  boxes.      The  size,   however,   of  the  work  can  be  varied  bv  the 
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Fig.  7.     Main  Beam  Form. 


use  of  different  size  boards,  and  yet  the  same  method  of  framing  would  be 
advisable — that  is  to  say,  supposing  one  wished  to  have  14  in.  as  the  minimum 
depth  of  the  secondary  beam,  two  7-in.  boards  might  be  used  to  give  this 
depth.  Thus,  the  main  beams  would  be  framed  up  with  three  7-in.  boards. 
Fig.  6  is  a  detail  of  the  framing  of  the  main  beam  boxes,  and  shows  how  the 
secondarv  beam  boxes  enter.  This  diagram  will,  however,  be  referred  to  more 
in  detail  in  describing  the  main  beam  boxing. 

The  same  principle  of  adopting  a  maximum  size  for  the  secondary  beams 
is  adopted  in  connection  with  the  main  beams.  In  Fig.  5,  the  main  beam  is 
shown  as  being  12  in.  by  18  in.,  internal  dimensions,  and  Fig.  6  shows  how,  by 
putting  in  a  different  width  of  bottom  board,  and  putting  a  blocking  piece  over 
the  cross-bearers  which  rest  on  the  uprights,  this  is  reducible  to  a  beam  of  6  in. 
width,  and  15  in.  more  or  less  in  depth.  The  plan  shows  how  the  uprights  are  placed 
for  the  secondary  beams  and  the  main  beams.  The  main  beams  vary  not  only 
in  height,  but  in  width,  whereas  secondary  beams  do  not  vary,  say,  in  width. 
It,  therefore,  means  that  the  bottom  boards  have  to  be  made  up  to  the  width, 
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and  in  the  scheme  here  proposed,  it  will  be  seen,  from  Fig.  5  and  Fig.  7,  that 
both  the  bottom  boards  and  the  lower  side  boards  are  in  long-  lengths,  and 
therefore  entail  little  cutting  to  waste.  The  special  feature  of  the  upper 
portion  of  the  beam  boxes  is  the  use  of  filling  boards,  framed  together  in 
standard  lengths.     Details  of  these  filling  boards  are  given  in  Figs.  8,  g  and  10, 
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Fig.  8.     Filling  Board. 
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Fig.  9. 


Fig.  10. 


which  show  three  standard  lengths, 
kept  in  stock  are  as  follows  : — 


The  sizes  which  it  is  suggested  should  be 


Standard  Lengths. 

Feet     Inche.s.  Feet  Inches. 

10  2  0 

11  2  6 

12  3  0 

13  3  6 
14.                                     40 

15  4  6 

16  5  0 

The  boards  are  framed  up  about  12  in.  deep,  as  suggested  above,  for  the 
reason  cited,  made  up  of  two  6-in.  boards,  cleated  together  by  i-in.  by  3-in. 
battens,  as  shown,  with  projecting  ends.  Such  stuff  would  be  taken  from  stock, 
and  a  builder  could  easily  keep  a  number  of  these  in  stock,  instead  of  making 
firewood  of  such  material ;  much  economy  would  come  by  using  his  short  pieces 
for  these  filling  pieces.  Fig.  7  shows  how,  in  between  the  secondary  beam 
boxing,  the  spacing  for  which  happens  to  work  out  that  way,  two  different 
lengths  of  filling  pieces  are  placed.  Bv  arranging  the  different  standard  sizes, 
one  can  make  up  any  width  with  exactitude.  The  secondary  beam  framing,  it 
will  be  seen,  is  sustained  quite  independent  of  the  main  beam  boxing.  Along 
the  side  of  the  beam  boxes,  to  bear  against  the  battens  that  cleat  the  filling 
pieces,  it  is  suggested  that  3-in.  by  li-in.  runners  should  be  placed  to  take 
wedges.  Where  the  runners  occur,  but  between  the  uprights,  iron  clamps 
similar  to  those  above  described  are  used  to  clamp  the  bottom  of  the  boxes. 
Other  details  are  very  similar  to  the  secondary  beam  centering,  and  the  sides  of 
the  beams  are  removable  earliei ,  to  provide  for  the  drying  and  hardening  in  the 
greater  thickness  of  the  beams  before  striking  the  other  part  of  the  centering, 
the  advisability  of  which  has  already  been  referred  to. 

The  upright  shown  for  sustaining  the  main  beam  boxes  is  slightly  higher 
than  that  for  the  secondary  beams,  but  it  is  just  to  point  out  that  the  length 
of  the  standard  could  vary,  though  they  might  have  all  been  of  the  same  height. 
The  uprights  generally  are  framed  out  of  4-in.  by  4-in.   timbers,  with  distance 
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t  mortises,  the  uprights  being-  tight- 
ened against  them  by  i-in.  bolts,  as 
shown  in  F\gs.  5  and  6.  The  4-in. 
by  4-in.  stuff  is  thought  to  be  pre- 
ferable to  the  use  of  round  scaffold 
poles — or,  rather,  short  lengths  of 
same — which  are  often  used  by  con- 
tractors in  rough  centering.  They 
could  be  adapted,  but  it  is  thought 
that  the  4-in.  by  4-in.  stuff  is  as 
cheap,  and  has  sufficient  superior 
advantage  in  its  squareness  to  war- 
rant its  use,  and,  of  course,  some 
contractors  would  find  an  insufficient 
supply  of  round  timbers  by  the  in- 
evitable wastage  of  scaffold  poles. 
Often,  9-in.  by  3-in.  deals  are  used 
for  the  purpose,  and,  indeed,  any 
handy  stuff  is  made  to  serve,  but 
they  would  not  do  for  a  standard 
design. 

The  9-in.  by  3-in.  base-plates  to 
the  uprights  are  employed  for  the  pur- 
pose of  distributing  the  load  over  the 
ground  or  floor  over  which  they  are 
strutted.  There  have  been  several  mishaps  through  the  settling  of  supports  in 
soft  ground  and  the  concentration  of  a  load  on  a  small  area  of  an  insufficiently 
hardened  floor  below.     This  should  emphasise  the  necessity  of  always  providing 
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Fig.  12.  Small  Column  Plan. 


Fig.  13.  Largk  Column  Plan. 


such  base  plates.     The  uprights  are  secured  against  any  possibility  of  slipping 
by  means  of  the  nails  driven  crosswise  into  the  base  plates. 

The  uprights  for  the  main  beams,  as  shown  on  the  plan,  Fig.  4,  would 
obviously  have  to  be  wider  apart  than  the  uprights  for  the  secondary  beams. 
Such  uprights  would  be  placed  as  close  together  as  found  necessary,  by  reason 
of  the  load  to  be  sustained.  The  supports,  too,  would  be  placed  all  round  a 
column,  as  shown,  so-  as  to  permit  the  column  boxing  to  stand  quite  independent, 
and  allow  it  to  be  removed  before  striking  the  centering  of  beam  or  floor  slabs, 
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it  being-  desirable  to  remove  the  column  boxes  (the  same  as  the  sides  of  beam 
boxes),  in  order  to  allow  the  greater  thickness  of  concrete  to  harden  by  the 
drying  out  of  the  moisture  by  the  circulation  of  air,  which  would  otherwise 
be  prevented  if  the  boxinj,'^  remained  in  place. 

Figs.  II,  12  and  13  show  details  of  a  suggested  standard  form  of  column 
boxing-,  the  sides  of  which  are  held  together  by  the  clamps,  of  which  detail  is 
given  in  Fig.  3.  Fig.  12  shows  how  to  frame  up  a  small  column,  and  Fig.  13  a 
large  column.  In  both  it  will  be  seen  that  three  of  the  sides  are  framed  up 
firstly  with  2-in.  boards  placed  vertically,  and  the  fourth  side  is  brought  up  bit  by 
bit  by  nailing  i-in.  boards  horizontally  across.  When  several  boards  are  required 
to  make  up  the  width  of  the  sides,  battens  are  nailed  across  to  keep  the  boards 
together.  Triangular  fillets  are  easily  tacked  into  the  corners  of  the  columns 
to  enable  the  centering  to  draw  away  without  damaging  the  corners.  In  large 
columns  an  hexagonal  section  is  often  adopted,  for  which  the  design  shown  in 
Fig.  12  is  suitable.  JSuch  columns  should,  of  course,  have  hooped  reinforcement 
in  them.  The  beams  are  splayed  down  on  to  the  columns,  and  such  splaying  is 
usually  provided  for,  as  shown  in  Pig.   11. 

On  some  jobs  in  America  a  box-like  form  has  been  framed  up,  in  which 
the  whole  of  each  panel,  and  the  sides  of  the  beams,  are  framed  up  to  form  a 
sort  of  box,  which  is  constructed  with  a  hinge  or  joint  in  the  centre,  so  as  to 
come  away  easily.  On  striking,  the  whole  box  is  dropped  and  lifted  up  by  a  crane, 
cleaned,  and  put  into  a  new  position.  As,  however,  with  such  a  type  of  centering 
the  several  floors  need  to  be  exactly  alike,  it  is  not  likely  to  generally  fulfil 
English  requirements,  and  it  is  thought  that  the  design  here  put  forward  is 
superior  in  many  ways.  Of  course,  if  the  job  is  a  large  one,  and  the  planning  is 
very  regular,  and  the  sides  of  the  beams  and  floor  very  uniform,  then  it  would 
be  easily  possible  to  devise  a  form  of  centering  for  that  one  job  which  would 
be  more  economical  than  the  design  here  put  forward  ;  but  it  is  not  claimed  that 
this  design  is  the  best  for  all  conditions;  it  is  only  a  suggestion  of  a  form  of 
centering  which  might  be  adopted  for  average  conditions  with  some  advantage 
over  the  ordinary  unsystematic  methods  of  centering  in  vogue,  the  wastage 
under  which  seriously  retards  the  development  of  reinforced  concrete  in  many 
directions. 
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By  LUCIEN  SERRAILLIER,  M.C.I. 

The  following  article  on  the  subject  of  the  position  of  the  specialist  in  reinforced  concrete 
merits  attention,  and  zue  shall  be  vleased  to  open  oar  columns  to  further  articles  or  corre- 
spondence on  this  subject. — ED. 


The  reinforced  concrete  specialist,  a  product  of  the  last  twenty  years  in  this 
country,  is  the  logical  outcome  of  conditions  which  must  necessarily  arise  from 
the  introduction  not  of  a  new  branch  of  engineering,  but  of  a  new  material 
and  method  of  construction  which  is  applicable  to  the  whole  range  of  engineer- 
ing and  architectural  work.  And  herein  lies  his  raison  d'etre,  for  he  has  come 
not  lo  oust  the  professional  engineer  or  architect  from  his  legitimate  work, 
but  to  act  as  his  ally.  The  architect's  sphere  is  still  the  design  of  beautiful 
and  appropriate  buildings,  and  his  reliance  upon  the  specialist  for  the  struc- 
tural portion  of  the  work  is  but  the  continuation  of  the  policy  he  has  followed 
in  tliL'  past  of  reliance  upon  the  structural  steel  specialist  for  the  design  and 
calculation  of  the  girders,  joists,  stanchions,  a  form  of  construction  which  is 
now  being  rapidly  superseded  by  reinforced  concrete.  It  is  this  intimate 
association  between  art  and  science,  between  architect  and  specialist,  which 
appears  likely  in  the  next  few  years  completely  to  revolutionise  our  buildings, 
both  in  external  appearance  and  internal  disposition. 

Reinforced  concrete  has  possibilities,  structural,  artistic,  and  economic, 
which  far  exceed  any  possessed  by  steel  construction.  We  have  long  since 
reached  the  limitations  of  the  latter,  whereas  the  economic  and  structural 
advantages  of  reinforced  concrete  are  only  now  being  borne  in  upon  us,  and 
we  are  but  on  the  threshold  of  what  may  be  accomplished  in  the  outward 
expression  by  form  and  colour  of  this  new  material.  Here  is  the  architect's 
opportunity,  and  far  from  a  conflict  of  interests  between  him  and  the  specialist, 
we  discover  rather  a  community  of  interests  in  the  design  and  execution  of 
structures  which  combine  beauty  with  utility  and  practicability. 

It  is,  of  course,  quite  customary  to  specialise  in  engineering  work.  The 
engineer,  after  a  general  trajning  and  experience,  frequently  confines  his 
activities  as  an  expert  to  dock  or  railway  work,  to  sewage,  waterworks,  or 
other  of  the  man}-  branches  in  the  whole  range  of  engineering  practice.  This 
practice  is  also  immune  from  the  intrusion  of  the  reinforced  concrete  specialist, 
who  does  not  encroach  upon  any  of  these  departments,  but  merely  specialises 
in  what  mav  become  an  adjunct  common  to  all  these  branches,  his  function 
being  merely  to  apply  a  new  material  to  all  classes  of  construction.  The 
specialist,  for  instance,  will  design  a  reservoir,  but  does  not  profess  to  scheme 
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out  the  water  supply  of  a  community,  which  is  strictly  within  the  prcjvince  of 
the  water  engineer,  whilst  that  of  the  specialist  in  this  instance  is  to  apply  his 
knowledg-e  to  merely  part  of  the  general  scheme.  And  so  on  with  every  class  of 
engineering-  structures.  l""or  instance;  the  consulting  engineer  of  a  trading 
concern  has  to  deal  with  the  water  supply,  the  lighting  and  venlilation,  and 
erection  of  machinery,  as  well  as  the  construction  of  buildings.  He  must  per- 
force consult  these  highly  specialised  branches  of  engineering,  and  there  is  no 
reason  why  he  should  not  in  like  manner  employ  the  services  of  a  reinforced 
concrete  specialist  for  the  structural  part  of  the  enterprise.  Thus  we  again 
possess  all  the  elements  of  an  alliance  instead  of  a  conflict  of  interests  between 
engineer  and  reinforced  concrete  specialist,  which  certainly  permits  the  former 
to  consult  the  latter  without  derogation  to  his  professional  status.  The  function 
of  the  engineer  may  well  be  the  co-ordination  of  the  knowledge  and  experience 
of  these  various  specialists  rather  than  an  attempt  to  know  in  detail  every 
branch  of  engineering,  an  attempt  which  must  necessarily  fail. 

The  specialist,  however,  is  still  regarded  by  many  as  an  intruder,  and  when 
he  combines  w'ith  the  offer  of  his  designing  knowledge  and  experience  the 
sale  of  some  reinforcing  material  he  is  apt  to  be  considered  in  the  light  of  an 
ironmonger.  But  these  prejudices,  arising  chiefly  from  ignorance  of  the  true 
function  of  the  specialist,  are  rapidly  disappearing,  if  one  may  judge  by  the 
amount  of  work  which  is  now  flowing  into  the  offices  of  the  various  specialist 
firms  established  in  this  country. 

There  can  be  no  two  opinions  as  to  the  indebtedness  of  the  community 
to  the  specialist  firms  who  have  been  responsible  for  the  introduction  of  rein- 
forced concrete  into  this  country.  Had  it  not  been  for  them  the  natural  con- 
servatism of  both  engineering  and  architectural  professions  would  have  delayed 
matters  for  many  years.  Experiments  are  costly,  especially  in  civil  engineering, 
where  everything  is  on  a  large  scale,  and  the  very  natural  attitude  of  the 
profession,  which  has  everything  to  lose  in  the  way  of  reputation  and  practice 
by  the  introduction  of  an  untried  form  of  construction,  was  one  of  caution  and 
maintenance  along  lines  of  proved  safety.  The  question  naturally  arose,  who 
is  to  be  responsible  for  work  done  in  accordance  witli  this  new  method  of 
construction?  The  specialist  stepped  bravely  into  the  breach  and  backed  his 
opinions  by  deeds,  by  the  acceptance  of  financial  responsibilitv.  One  may 
well  lay  stress  upon  this  point,  because  the  specialist  has  in  most  cases  been 
criticised  for  confining  the  permission  of  constructing  on  his  designs  to  a 
limited  number  of  contractors,  and  thereby  restricting  competition.  Such  action 
was  quite  natural  at  the  outset  as  a  protection  against  a  financial  responsibility 
thrust  upon  him  which  no  private  professional  firm  would  accept.  This 
security  was  assured  by  restriction  to  a  few  approved  contractors  experienced 
in  carrying  out  his  designs,  and,  however  obnoxious  such  an  approach  to  a 
Trust  may  be  to  the  average  Englishman,  there  is  no  doubt  this  wise  policy 
has  prevented  disasters  which  would  have  retarded  the  industry  for  manv  vears. 

This  limitation  of  contractors  is  now  not  only  tending  to  disappear,  but  bids 
fair  to  drift  to  the  other  extreme,  a  system  of  unrestricted  competition,  with 
which  it  is  now  proposed  to  deal. 
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The  opportuneness  of  the  advent  of  the  specialist  and  the  services  he  is  able 
to  render  to  both  professions  will  probably  be  generally  admitted.  The  manner 
in  which  such  services  may  best  be  utilised  to  mutual  advantage  is,  however,  a 
matter  of  some  contention. 

Briefly,  two  classes  of  reinforced  concrete  specialist  firms  exist  :  those 
which  exploit  patent  systems,  and  those  which  sell  patent  bars  or  reinforcing 
material.  The  former  derive  their  profit  by  charging  a  percentage  on  the 
value  of  a  contract  for  their  professional  services,  the  latter  by  charging  such 
a  price  for  the  bars  they  sell  as  will  afford  a  profit  equivalent  to  the  percentage 
they  also  require  for  their  professional  services.  This  article  does  not  purpose 
to  deal  with  the  relative  merits  and  disadvantages  of  these  two  methods ; 
each  has  its  camp  of  adherents,  but  that  they  both  render  services  is  testified 
by  the  increasing  work  which  is  placed  with  them.  This  divergence  is 
negligible,  and  is  principally  a  matter  of  a  slight  difterence  in  name.  W'hat 
is  of  importance  is  what  is  the  best  way  in  which  to  take  advantage  of  the 
services  offered  by  either  class  of  specialist. 

The  general  practice  for  the  engineer  or  architect  who  has  a  scheme  to  be 
designed  in  reinforced  concrete  is  to  invite  tenders  from  all  and  sundry, 
under  the  firm  impression  that  an  open  competition  will  produce  the  best 
economic  and  structural  results.  With  the  object  of  obtaining  the  best  work 
at  the  cheapest  price,  leading  systems  are  invited,  and  each  system  has  its 
array  of  contractors ;  in  some  cases  the  same  contractor  may  tender  on 
different  designs  from  two  or  more  competing  specialist  firms.  It  appears, 
however,  that  this  object  is  not  achieved,  for  in  the  first  place  it  is  generally 
difficult  to  adjudge  the  contract  to  any  other  than  the  cheapest  tender,  which  is 
no  criterion  that  the  best  design,  which  is  of  primary  importance,  has  been 
obtained.  Xor  is  the  successful  tender  necessarily  as  economical  as  it  might 
have  been,  for  it  certainly  does  not  follow  that  the  cheapest  tender  accepted 
could  not  have  been  cheaper  had  the  same  contractor  tendered  on  the  best  design 
if  the  latter  had  been  selected  beforehand. 

The  element  of  chance  enters  too  largel}'  here,  for  the  specialist  firm 
which  has  submitted  the  best  design  may  have  been  unlucky  in  the  tenders 
of  their  contractors. 

Again,  the  specialists  who  are  in\ited  to  submit  designs  in  competition  with 
one  another  are  all  doing  the  same  work,  in  which  only  one  can  be  successful. 
The  non-successful  ones,  therefore,  are  losing  time  and  money.  Specialists 
must  live,  and,  since  they  thrive,  it  stands  to  reason  that  they  must  make  good 
their  loss  in  one  direction  by  profits  in  another — that  is,  on  jobs  in  which  they 
are  successful. 

This  remark  applies  equally  to  contractors,  and,  in  fact,  to  all  competitive 
work  which  is  carried  to  an  e*xtreme.  The  problem  is  to  strike  a  happy  mean 
between  indiscriminate  and  unrestricted  competition  and  privileged  monopoly. 
The  mistake  lies  in  mixing  up  the  question  of  design  with  the  question  of 
tender. 

The  remedy  is  to  select  the  specialist  firm  and  system  to  be  adopted  and 
arrange  their  fee  beforehand ;  or,  if  competition  of  design  is  desired,  let  it  be 
limited  to  two  or  three  specialist  firms  instead  of  allowing  a  job  to  be  hawked 
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about,  which  li;is  a  (lisi()urai;ii;j;- i-ITcct  inthi'loiii;  run  on  competing  firms.  Having- 
Sflc'c-lcd  ihc  tU-.sign,  the  (litnl  sliould  then,  aiul  only  tlicn,  invite  tenders  from 
roiilraclors  on  a  i)ro|)cr  hill  of  (luanlilies.  It  is  a  well  known  fact  that  there  is 
vvvy  lit  I  If  (lilfcrcnie  between  the  well-ccinsidered  designs  of  various  specialists 
for  the  s.anc  stiiuiure.  The  question  of  price,  lheref(jre,  depends  very  largely 
upon  the  c-ontraclors,  .ind  it  is  conct  i\abie  that  the  best  and  most  economical 
design  may  haxc  bicn  discarded  because  the  tenders  upon  it  happen  to  be 
too  high.  I'lie  tenders  from  one  contractor  on  several  competing  designs  for 
the  same  job  do  not  show  an\thing  like  llu'  xarialions  in  prices  that  is  shcnvn 
by  the  tenders  from  sc\eral  contractors  on  the  same  design.  Hence  the  proper 
procedure  is  to  select  Ihi'  design  first,  and  then  in\ite  tenders  upon  it,  instead 
of  jumbling  up  the  two  essentially  different  processes  as  at  present. 

.\n;)llur  opp,)rtunity  for  improxement  lies  in  extension  of  time  for  the 
preparation  of  plans.  .As  a  rule  the  lime  given  is  too  short,  and  the  result  is 
hasty  work  which  may  contain  mistakes  which  lead  to  friction  between  client, 
specialist  and  contractor.  Too  little  consideration  by  a  client  is  generally 
shown  on  this  ])i)inl,  and  the  practice,  hardly  consecrated  b\'  justice  or 
crov\ned  b\-  success,  of  altem])ting  to  hold  the  specialist  responsible  for  the 
accuracv  of  tiie  quantities  of  concrete  and  steel,  does  not  conduce  to  economy; 
for  the  specialist,  if  pressed  for  time,  will  generally  err  on  the  generous  side 
of  his  quantities  rather  than  run  the  risk  of  having  to  make  good  out  of  his 
own  pcjcket  the  deficiency  due  to  under-estimating.  Here,  again,  the  client 
pavs  in  the  long  run. 

The  method  of  payment  to  the  specialist  also  leaves  much  to  be  desired. 
It  should  be  made  direct  by  the  client,  and  not  through  the  intermediary  of 
the  contractor.  The  specialist  is  selling  his  services,  and  this  has  nothing  to 
do  with  the  financial  stability  of  the  contractor,  upon  whose  selection  he 
generally  has  very  little  to  say.  For  the  contractor  to  pay  the  specialist  is  to 
deprive  the  latter  of  the  control  he  should,  on  the  contrarv,  hold  over  him. 
This  consideration  brings  one  to  a  recent  departure  which  has  occurred  in  the 
contracting  world.  Some  contracting  firms  have  recently  joined  the  ranks  of 
specialists  by  organising  a  designing  department  in  conjunction  with  their 
ordinary  l)usiness  as  contractors,  such  departments  being  generallv  run  by 
engineers  who  have  acquired  their  experience  among  the  original  specialist 
firms.  Such  an  arrangement  is  not  desirable,  since  it  attempts  to  assimilate 
two  separate  elements — execution  and  supervision.  It  is  difficult  to  con- 
ceive how  it  can  benefit  any  but  the  contracting  firms  in  questicjn,  whilst  from 
the  client's  point  of  view  it  is  absolutely  disadvantageous.  The  position  of  a 
contractor  who  tenders  on  his  own  design  is  anomalous.  The  prime  object  of 
a  contractor  is  to  obtain  the  contract,  and  he  knows  that  pi'ice  tells.  The 
necessity  of  control  is,  therefore,  all  the  more  imperative  when,  as  in  this  case, 
there  is  a  temptation  to  cut  things  fine.  For  whether  the  client  be  professional 
or  otherwise,  the  fact  that  he  invites  designs  from  a  specialist  implies  a 
certain  ignorance  of  the  subject  which,  in  the  case  of  such  a  highly  specialised 
subject  as  reinforced  concrete,  is  not  derogatory  to  his  professional  capacity, 
as  has  already  been  pointed  out,  but  which  undoubtedly  weakens  his 
control     over     the     actual     construction,     if     the     designs     ha\e     been     pre- 
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pared  by  the  contractor.  In  the  method  suggested,  whereby  the 
speciahst  is  first  selected,  the  necessary  control  over  the  executers  of  the  work 
— that  is,  over  the  contractor — is  either  shared  by  client  or  specialist,  or  at 
least  delegated  by  the  former,  who  still  retains  the  ultimate  power,  to  the  latter. 
There  is  no  doubt  that  suitable  provision  should  be  made  for  supervision  of 
a  reinforced  concrete  contract  by  the  specialist,  but  when  the  contractor  is  his 
own  specialist  and  supervisor  he  is  beyond  control  and  criticism,  and  the 
position  becomes  not  only  illogical  but  extremely  dangerous. 

Considerable  expense  on  the  part  of  specialists  would  be  saved  if  clients 
would  only  limit  their  invitations  for  designs  and  tenders  to  jobs  which  are 
practically  certain  to  mature.  The  nebulous  schemes  which  are  presented  to 
the  pcjor  specialist — schemes  which  ha\'e  the  most  slender  chances  of  materialisa- 
tion— only  go  to  swell  the  expenses  of  those  firms,  who  must  necessarily  recoup 
themselves  for  this  loss  by  increased  profits  in  other  directions. 

The  attitude  of  the  Local  Government  Board  on  the  subject  of  reinforced 
concrete  is  both  incomprehensible  and  illogical.  Every  other  Government 
Department  has  recognised  this  new  form  of  construction.  Despite  the 
numerous  public  buildings  which  are  being  erected  everywhere,  despite  the 
proof  of  solidity,  economy,  durability,  and  reliability  which  has  been  shown 
by  reinforced  concrete  in  structures  which  have  stood  the  test  of  a  quarter  of 
a  century,  the  L.G.B.  generally  refuses  to  authorise  loans  on  the  same  terms 
as  masonry  or  even  timber  structures.  Reinforced  concrete,  it  would  appear, 
is  still  in  the  experimental  stage,  and  the  attitude  of  the  L.G.B.  remains  Early 
Victorian.  Time,  of  course,  is  the  solution  ;  the  younger  generation  of  advisers 
cannot  fail  to  give  reinforced  concrete  the  same  recognition  it  has  received 
in  all  other  quarters — commercial,  professional,  and  official.  The  long-suffering 
tax-payer  is  consequently  called  upon  to  pay  for  the  more  expensive  forms  of 
construction  in  the  case  of  nearly  every  job  in  the  country  which  is  brought 
to  an  untimelv  end  by  the  too  stringent  financial  conditions  of  the  L.G.B. 

The  future  of  the  industry  is,  however,  full  of  promise.  A  more  thorough 
acquaintance  on  the  part  of  the  public  with  the  conditions  which  surround  the 
business  of  the  specialist  cannot  -fail  to  improve  these  conditions,  possibly  on 
the  lines  which  have  been  briefiy  indicated  in  this  article;  and  the  attitude 
of  a  Government  Department,  based  on  obsolete  traditions,  cannot  long  continue 
to  hamper  the  development  of  a  form  of  construction  which  has  received 
universal  recognition. 
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SOIVIE  EXAMPLES  OF 
CONCRETE  WORK  IN  ENGLISH 
SEASIDE  TOWNS. 

We  are  pleased  to  observe  fhe  increased  use  of  reinforced  concrete  in  the  construction  or 
large  places  of  amusement  and  similar  buildings  in  our  leading  seaside  resorts,  and  fhe 
folloiving  article,  givinj  illustrations  of  a  few  of  these  buildings,  should  be  of  interest  to  our 
readers. — ED,  

REINFORCED    CONCRETE    WORK    IN    THE    NEW    KURSAAL.    WORTHING. 

Reinforced   concrete   has   been    largely    used    in    the   construction    of   the   new 
Kursaal  at  Worthing,  a  view  of  the  interior  of  which  is  shown  on  this  page. 

The  building  is  a  steel-frame  structure.  The  walls  of  the  large  hall  are  of 
brickwork  panelled  between  R.S.J,  stanchions,  while  the  walls  of  the  tower  arc 
of  concrete  reinforced  with  Expanded  Steel.  Further,  the  suspended  flooring 
in  the  tower  and  its  dome  are  of  concrete  reinforced  with  Expanded  Steel, 
and  the  suspended  flooring  in  the  main  building  and  the  steps  and  risers  and 
suspended  flooring  to  the  galleries  are  also  of  concrete  reinforced  with  Expanded 
Steel. 


Iiutni.r  ul   ilic  Kuisaal. 
Reinforced  Conxrete  Work  in  thk  New  Kursaal,  Worthing. 
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The  work  was  carried  out  to  the  designs  and  under  the  supervision  of  the 
architect,  Mr.  T.  A.  Allen,  of  3,  Duke  Street,  Adelphi,  London,  W.C.  The 
steelwork  was   supplied   and  erected  by   Mr.   John   Every,    Phoenix   Ironworks, 


View  of  finished  building. 
The  New  Kursaal.  Worthing. 


Lewes;   the  reinforced  concrete   and  other  work  being  carried  out  by   Mr.    A. 
Crouch,    contractor,    Montagu    Street,    Worthing. 

The  reinforcement  throughout  was  supplied  by  the   Expanded  Metal  Co., 
Ltd.,  of  London  and  West  Hartlepool. 
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REINFOACED  CONCRETE  COLONNADE  AT  BEXHILL. 

The  new  Colonnade  at  Bexhill,  which  was  opened  recently  by  Lord  Brassey, 
forms  a  very  pleasing  additional  feature  to  the  sea  front.  It  is  semi-circular 
in  shape,  havings  a  diameter  of  about  140  ft.,  and  has  a  bandstand  situated  at 
its  centre. 

The  Colonnade  throughout  is  of  structural  steelwork  and  Expanded-Steel 
concrete  construction.  The  roof,  which  forms  a  circular  promenade,  is  about 
200  ft.  long^  and  18  ft.  wide;  it  is  supported  by  steel  columns  and  joists,  and 
is  constructed  of  concrete,  about  (5  in.  in  thickness,  reinforced  with  No.  10  3-in. 
diamond-mesh  Expanded  Steel.  The  whole  of  the  structural  steelwork  is 
encased  in   Expanded-Steel  concrete,  finished  to  resemble   Bath  stone. 


\'ie\v  showing  Expanded  Metal  bting  laici. 
Reinforced  Concrete  Colonnade  at  Bexhill. 

At  each  end  of  the  Colonnade  is  situated  a  dome-roofed  pavilion,  while 
beyond  them  covered  shelters  with  open  terraces  above  have  been  constructed. 
The  bandstand  and  pavilions  are  circular  in  shape,  the  ornamental  roofs  being- 
supported  b}-  steel  columns  encased  in  Expanded-Steel  concrete. 

Councillor  J.  B.  Wall,  of  Bexhill,  was  responsible  for  the  design,  which  was 
presented  by  him  to  the  Borough.  The  work  was  carried  out  under  the  super- 
vision of  Mr.  G.   Ball,  A.M.Inst.C.E.,  the  Borough  Surveyor. 

The   General    Iron    Foundry    Co.,    Ltd.,    of   London,    were   contractors   for 

the  work,  and  the  Expander!  Steel  used  was  supplied  to  them  by  the  Expanded 

Metal  Co.,  Ltd.,  of  London  and  West  Hartlepool. 

REINFORCED    CONCRETE    WORK    IN    THE    NEW    PIER    AND    PAVILION    AT 

BOGNOR,    SUSSEX. 

The  accompanying  illustrations  show  the  new  Pier  and  Pavilion,  completed 
last   summer,    for   the   Bognor   Pier   Co.,    Ltd.,   to   the   designs   and   under   the 
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supervision    of   their    architect,    Mr.    G.    E.    Smith,    of    Victoria    Road    North, 
Southsea,  Portsmouth. 

A  pier  had  been  in  existence  for  many  years,  and,  owing  to  the  increasing 
popularity  of  Bognor  as  a  seaside  resort,  it  was  decided  to  reconstruct  and 
extend  the  old  pier  and  to  add  a  pavilion.      For  that  reason  the  sub-structure 


was  strengthened  by  the  addition  of  screw  piles  and  bracings,  and  steel  and 
reinforced  concrete  beams  for  the  decking,  the  old  timber  decking  being  re- 
moved and  replaced  by  reinforced  concrete  decking. 
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Tin-  lx;i!ns  were  ninrorccd  with  Expanded-Steel  bars,  and  the  decking- 
with  ICxpanded-Steel  Sheets,  the  decking  generally  being  6i  in.  in  thickness  at 
spans  varying  from  15  ft.  6  in.  downwards.  The  decking  was  built  on  the 
continuous  type,  with  one  layer  of  Expanded  Steel  throughout  near  its  bottom 
face,  and  trnsion  strips  of  Expanded  Steel,  varying  in  length  according  to  the 
span  of  the  slabs,  near  the  top  face  of  the  concrete,  over  intermediate  supports. 

The  decking  was  tested  with  an  evenly  distributed  superimposed  load  of 
2  cuts,  of  shingle  per  foot  super,  the  test  proving  to  be  eminently  satisfactory. 

The  pavilion  building  is  steel  framed  throughout,  the  walls  being  built 
by  means  of  wood  studs  hxed  12  in.  apart  between  the  steel  horizontals  and 
uprights,  and  covered  on  both  sides  with  Expanded-Metal  lathing  and  cement 
plaster,  in  which  way  light  hollow  walling  was  obtained.  The  flooring  and 
stairs  thrcyiighout  the  building  are  of  Expanded-Steel  concrete. 

Our  illustration  on  page  103  shows  the  steel  and  timber  skeleton  framework 
practically  completed,  while  that  on  page  102  shows  the  building  completed, 
with  its  overcoating  of  Expanded-Metal  lathing  and  cement  plaster. 

The  details  of  the  reinforced  concrete  work  were  prepared,  under  the 
direction  of  Mr.  (i.  E.  Smith,  the  architect,  by  the  Expanded  Metal  Co.,  Ltd., 
of  London  and  West  Hartlepool,  who  supplied  the  Expanded-Steel  reinforce- 
ments for  tlie  concrete  work  and  the  Expanded-Metal  lathing  for  the  plaster 
work. 


I   N    (!-   m  Course  of  Construction. 

.\h\\     ShA    W  Al.I,    A.NU    PROMENADE,    BLACKPOOL. 

NEW    SEA    WALL    AND    PROMENADE.    BLACKPOOL. 

The  completion  of  the  new  Promenade  extension  between  the  North  Pier 
and  Cocker  Street,  Blackpool,  concludes  the  large  undertaking,  begun  eight 
years  ago,  of  widening  the  Promenade  between  the  South  Shore  and  the  North 
Pier.  The  w^ork  included  the  provision  of  esplanades  and  a  substantial  sea 
wall  for  a  length  of  about  three  miles. 
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The  sea  wall  varies  in  height  between  26  ft.  and  37  ft.,  and  is  11  ft.  thick 
at  the  base.  At  the  toe  of  the  apron,  which  has  a  slope  of  i  to  ih,  ring  piles 
are  driven  12  ft.  apart,  to  which  the  permanent  walling  and  sheeting  piles  are 
secured.  The  apron  is  formed  of  consolidated  sand  covered  with  a  laver  of 
concrete  2  ft.  6  in.   thick,  and  faced  with  basalt  grouted  and  bedded  in  cement 


View  showing  Closinf^-in  of  Apron. 


SLACKrOOL. 


New  Sea  Wall  and  Promenade, 

mortar.  No  reinforcement  was  used  in  the  sea-wall,  as  solidity  and  dead- 
weight are  both  essential  in  such  an  exposed  position.  The  amount  of  Portland 
cement  concrete  used  was  36,000  cubic  yards. 

The  whole  of  the  work  was  carried  out  departmentally  by  the  Corporation, 
from  plans  prepared  by  the  Borough  Engineer,  Mr.  J.  S.  Brodie,  M.Inst.C.E., 
assisted  by  Mr.   H.   Banks,  who  acted  as  Resident  Engineer. 
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CONCRETE    BEAMS     WITH 
DOUBLE  REINFORCEMENT 
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By  EWART  S.  ANDREWS,  B.Sc.Eng.  (Lond.). 

The  following  article  on  "  Concrete  Be^ms  ivith  Double  Reinforcement  "  is  the  first 
a  series  dealing  "with  Problems  in  the  Theory  of  Construction,  by  Mr.  Eivart  S.  Andreivs, 
"which  ive  intend  to  publish,  and  'which  should  prove  of  great  benefit  to  many  of  our  readers. 
-ED. 


Although  the  use  of  compression  reinforcement  for  concrete  beams  is  not 
economical,  it  is  sometimes  necessary,  and  tlie  problem  arises  as  to  what  is 
the  strength  of  a  beam  in  which  the  compression  reinforcement  is  as  much,  if 
not  more,  than  the  tensile  reinforcement. 

If  the  tensile  reinforcement  is  rather  large,  say  2  per  cent.,  and  sufficient 
compression  reinforcement  be  added  in  order  to  develop  the  full  tensile  strength 
of  the  tension  reinforcement,  then,  on  the  ordinary  theory  employed  for  calcu- 
lating the  strength  of  reinforced  concrete  beams,  considerably  more  steel  will 
be  necessary  on  the  compression  side  than  on  the  tension  side ;  this  seems  to 
be  a  very  wasteful  procedure  which  points  to  the  desirability  of  employing  a 
different  method  of  calculation  for  these  cases. 

We  shall  get  an  interesting  comparison  if  we  consider  the  stages  through 
which  the  stressing  of  a  reinforced  concrete  beam  goes  in  the  case  where  a 
rectangular  beam  has,  say,  2  per  cent,  reinforcement  in  both  tension  and 
compression. 

We  will  take  the  following  notation  : 

d   =   depth  of  beam  in  inches  to  centre  of  tension  reinforcement. 

n  =  depth  of  neutral  axis  in  inches  from  top  of  beam. 

in  =  modular  ratio  of  steel  to  concrete  (15). 

b  =  breadth  of  beam  in  inches. 

.4   =  area  of  reinforcement  =  'ozhd. 
In  order  to  be  able  to  work  in  general  terms  we  will  take  the  centre  of  rein- 
forcement at  a  distance  —  from  each  edge. 

FIRST    STAGE— ALLOWING    FOR.    TENSION    IN    CONCRETE. 

Until  we  ha\e  exceeded  the  safe  tensile  stress  in  the  concrete,  the  bending 
will  take  place  according  to  the  ordinary  theory  of  bending,  assuming 
the  reinforcement  replaced  by  in  times  its  area  of  concrete.  Fig.  1 
shows   the    equivalent    section    for    this    stage.      Then    the    moment    of    inertia 
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about  neutral  axis  of  the  equivalent  section, 
allowing-  for  the  hole  in  the  concrete  made  by  the 
reinforcement  : 

.'.  iModulusof  section  =  — ='3613Z;J'" 

Fig.  1.  16 

This  formula  is,  of  course,  very  little  used,  because  little  attention  is  paid 
to  the  tension  in  the  concrete. 

SECOND  STAGE-NEGLECTING   TENSION   IN   CONCRETE  AND  ALLOWING 
FOR    COMPRESSION    IN    CONCRETE. 

When  the  safe  tensile  stress  in  the  concrete  has 
been  passed,  then  the  tensile  resistance  of  the  con- 
crete is  neglected  altogether,  this  being-  the  assump-       ' 
tion    upon    which    reinforced    concrete    beams    are 
usually  desig-ned.  '^__ 

In  this  case  we  have  first  to  find  the  position  of 
the  neutral  axis.  Fig-  i  showing  the  equivalent 
section. 

This  is  done  by  equating  the  first  moments  of 
the  equivalent  areas  about  the  neutral  axis. 

This  gives  :  mA  {d  —  tt)  =  bn  .  -  +  (///  —  \)  A  (;;  —  '-) 

or  15X-026J  G/-//)  =  ^'  +  14  x  •026j(« -^) 

i.e.  '3d  id  -  u)  =  I"  +  -2M{u  -  |) 

ir+V\bnd-'67cV-  =  0 
The  real  solution  of  this  quadratic  equation  gives  : 

^(-1T6+  \  ri6'-  +  278) 
n  =  d^ 2 ^■ 

=  *435f/ 
Equivalent  moment  of  inertia  about  neutral  axis  : 

^I  =  ^^'\{rn-\rMn-'^-\+mA{d-ny- 
3  8 


•435'6cf 


+  14  X  -02  X  -il-bd'+l 5  X  -02  X  -565-bd'' 


=  ■02746ci'4-  •02696c7'  +  '09576^' 
=  '\5bd^ 
' .   Modulus  of  section,  taking  compression  in  concrete  : 

I  _'\5bd\ 

II  '435ti 


S..,- 


■3448W 


Taking  600  lbs.  per  sq.  in.  as  the  safe  stress  in  compression  in  the  concrete, 
we  shall  have  :       Safe  bending  moment  =  5  =:  600  S^^^=2o5'9bd\ 


*  {di-D  to  tdloic-  for  the   hole   made    in  flie  concrete  hy   the  reinforcement.     This   is   a  refinement 
u-hicli  but  fe-K'  writers  adnpf.  but  it  makes  very  I'ttic  additional  complication. 
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THIRD  STAGE  NEGLECTING  CONCRETE  ALTOGETHER. 

If  \vc  pav  no  attention  to  llir  concietf  at  all,  and  consider  the  rcsistinj^' 
couple  as  g-iven  only  by  the  stresses  in  the  reinforcement,  we  shall  get  modulus 
of  section   =  area  of  each  reinforcement    x    distance  between  them 

8 
=  S,„  =  "0175/n/' 
.'.   Safe  bendin^inoment  =  i^  =  S,„X  safe  stress  in   reinforcement  =  12000S,,,, 
taking  12000  lbs-  per  sq.  in.  as  the  safe  stress  per  sq.  in.  for  steel  in  compression. 
.-.  B-li000x-0175  =  210W- 

This  is  a  little  more  than  the  safe  bendins^-  moment  for  the  second  stage, 
antl  so  it  WDuld  be  ado])ted. 

In  order  to  get  a  good  comparison  of  the  three  stag-es  we  will  draw  a 
diag-ram  showing-  the  \ariation  of  bending  moment  as  the  compressive  stress  in 
the  steel  increases. 

Taking-  the  l)reaking-  stress  of  concrete  in  tension  as  240  lbs.  per  sq.  in.,  the 
stress  in  compression  in  the  steel  will  then  be  equal  to 

7J 


15X240X 
16 


16 


=  2800  lbs.  per  sq.  in. 


because  the  stress  in  the  steel  is  m  =15  times  the  stress  in  the  concrete  at  the 

same  depth,  and  the  stress  in  the  concrete  is  proportional  to  the  distance  from 

the  neutral  axis. 

Then  bending  m<;n-ient    -  stress    x  modulus 

=   B   =   240    X    "3613/)^- 

-     86-71 6J- 

Now  take  the  next  stage.     As  we 

have     previously     shown,     a     bending- 

moment      of      2o6"g?;d-       is      obtained 

when      the      compressive      stress      of 

600     lbs.      per      sq.      in.      is      reached 

in      the      concrete.         The      stress      in 

the  compression  reinforcement  is  then 

equal  to 

15X600x-31ci     .,,,,, 

.  ■ -c  , =6,413  lbs.  per  sq.  m. 

Again,  from  the  third  stage  we 
get,  as  shown  before,  a  bending- 
moment  ecjual  to  2iohd-  when  the 
compressive  stress  in  the  steel  rein- 
forcement is  equal  to  12,000  lbs.  per 
sq.  in. 

These  results  are  shown  diagram- 
matically  in  Fig.  3,  which  shows  the 
variation  in  bending  moment  as  the 
compressive     stress    in    the     steel     in- 

■om[:>re55ive    Strega    in     Steel     (Thou-5.-.od->  of  lb?  fxr  ir  creaSCS 

108  F'G-3- 


-,? 

7 

E 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

IZO 

/ 

/ 

/ 

' 

1 

/ 

' 

'^i 

/ 

:^'° 

■■ 

1 

> 

/ 

; 

/ 

/ 

/ 

*5~4o 

\ 

r 

/ 

f 

0 

j 

/ 

45 

/ 

f- 

1 

c 

\ 

1 

3 

+ 

5 

D 

7 

6 

9 

0 

\L 

E 


CCNSTRUCncNAL 


PROBLEMS  IN  CONSTRUCTION. 


AB  represents  the  first  stage;  at  the  point  B  the  concrete  begins  to  fail  on 
the  tension  side,  and  the  bending  moment  rises  to  C  and  then  increases  to  the 
\alue  D,  CD  representing  the  second  stage.  AF  represents  the  increase  in 
bending  moment  according  to  the  third  stage,  the  portion  EF  of  this  being  the 
useful  one,  DE  being  horizontal.  If,  of  course,  the  line  AF  lies  entirely  below 
DE  the  third  stage  lias  not  to  be  considered. 

The  amount  of  reinforcement  determines 
whether  this  third  stage  has  to  be  considered.  This 
is  shown  in  Fiff-  4. 

B 


The  curve    ABC    gives    the    values    of 


bd- 


for 


various    percentages   of   reinforcement   from   a   con- 
sideration of  the  compression  stress  in  the  concrete,  ^ 
but   neglecting   the   tension    stress   in    the   concrete,  "'^  '* 
this  being  what  we  have  referred  to  as  the  second 
stage. 

It  will  be  noted  that  this  curve  has  two  distinct 
portions.      This  is  because  for  small  percentages  of     ^,  40 
reinforcement  the  limiting  stress  in  the  tension  rein-    j  ^l 
forcement  is  reached  before  the  limiting  compressive    >  *  5^ 
stress  in  the  concrete  is  attained,  so  that  in  finding 
the  safe  bending  moment  we  have  to  consider  not 
the  concrete  but  the  steel 
for  such  percentages  : 

Modulus  of  section  considering  steel 


15 

Reinforae.men'K 
Fig.  4. 

With  the  same  notation  as  before  we  should  have 

/ 


Safe  B.M. 


16000/ 


{d-n) 
,  taking  16,000  lbs.  per  sq.  in.  as  the  safe  stress  in 


15(rf-«) 
tension  reinforcement- 

The  portion  AB  therefore  represents  the  period  over  which  the  tensile  limit 
is  reached  in  the  tension  reinforcement,  while  the  portion  BDC  represents  the 
period   over  which   the  compression   stress   in   the   concrete   is   the   determining 

factor.  The  line  A  DE  shows  the  values  of  -— ,  for  various  percentages  of  reinforce- 

bd" 
ment  from  a  consideration  of  the  compression  stress  in  the  steel  and  neglectmg 
the  resistance  afforded  by  the  concrete,  this  being  what  we  have  referred  to  as 
the  third  stage.  From  this  diagram  it  is  clear  that  for  reinforcements  up  to 
2  per  cent,  it  is  economical  to  design  by  the  ordinary  formulae  based  upon  the 
compressive  stress  in  the  concrete,  but  that  above  this  it  is  more  economical  to 
design  from  the  consideration  of  the  compressive  stress  in  the  steel. 

We  have  limited  our  consideration  to  the  case  in  which  the  area  of  rem- 
forcement  in  tension  and  compression  are  equal.  Similar  calculations  can  be 
made  for  other  cases  where  the  reinforcements  are  other  than  this. 

The  writer  has  not  seen  the  results  of  tests  of  beams  with  double  reinforce- 
ment in  which  the  question  has  been  investigated  as  to  whether  the  strength 
goes  according  to  the  third  stage,  when  the  area  of  reinforcement  is  large. 

Some  further  experimental  investigation  of  the  strength  of  reinforced  con- 
crete beams  will  be  very  welcome,  especially  if  carried  out  w^ith  the  care  and 
thoroughness  which  has  characterised  the  work  done  by  Professor  Talbot,^  for 
instance,  at  Illinois  University.  Theoretical  treatments  are  always  interesting, 
but  they  lose  considerably  in  value  if  not  justified  by  carefully  conducted 
experiment.  " 
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The  second  edition  of  this  extremely  useful  handbook  on  the  Uses  of  Portland  Cement 
has  iust  been  published,  and  should  pro've  of  inestimable  'value  to  all  users  of  that 
material. — ED. 

The  Associatkd  PcKTi.Axn  Ci-mhnt  Manufacturers  (1900),  Ltd.,  were  well 
advised  when  they  pul)lislied  their  popular  handbook  entitled  "  Every  Day  Uses 
of  Portland  Cement."  Il  was  a  pioneer  work  of  the  first  order  and  did  an 
immeasurable  amount  of  good,  both  at  home  and  in  the  Colonies,  in  popu- 
larising- the  subject. 

We  constantly  come  across  the  book  in  all  manner  of  unlikely  places. 
We  have  seen  it  in  an  estate  foreman's  home,  in  a  farmer's  parlour, 
on  the  desk  of  a  great  Government  engineer;  we  have  come  across 
copies  in  an  Egyptian  works  department  and  on  a  sapper's  desk  in  Gibraltar. 
W'C  have  had  endless  inquiries  for  the  book,  and  since  it  has  been  out  of  print 
we  are  credibly  informed  that  (he  waiting  list  for  the  second  edition  has 
mounted  to  several  hundred.  In  other  words,  the  book  has  been  a  great  suc- 
cess,  and   its  conception   is  a   matter  of  congratulation. 

A  second  edition  has  now  been  published,  and  we  welcome  its  appearance. 
It  contains  some  additional  matter,  some  corrections,  a  number  of  fresh  illus- 
trations, and  a  most  useful  index.  There  is  no  great  change  in  the  character 
of  the  volume.  The  original  scheme  has  been  adhered  to,  and  we  can  commend 
the  volume  to  our  readers. 

We  have,  however,  one  somewhat  emphatic  comment  to  make. 
The  book  is  not  sufficiently  British  in  its  examples  for  1912.  When 
originally  produced  it  was  no  doubt  very  difficult  to  find  British  examples 
of  the  work  to  which  the  Associated  Portland  Cement  Manufacturers  wished  to 
call  attention,  but  to-day  a  motor-car  ride  \\ithin  a  radius  of  100  miles  around 
the  Metropolis  should  suffice  to  fill  the  book  with  useful  examples,  as  Portland 
cement  is  now  freely  used  both  for  popular  and  highly  technical  purposes  all 
over  the  British  Isles.  Again,  if  searching  for  examples  afar,  why  not  turn 
to  our  Colonies?  \\'e  think  the  Company  have  missed  the  opportunity 
of  showing  the  splendid  effects  of  their  pioneer  work  at  home  and  in  the 
Colonies,  where  their  propaganda  has  borne  excellent  fruit. 

We  see  that  a  supplement  may  be  issued.  We  would  strongly  urge  it 
to  be  devoted  to  British  and  Colonial  examples,  and  emphasise  the  progress 
in  the  use  of  Portland  Cement  being  made  throughout  the  Empire. 

"  Every  Day  Uses  of  Portland  Cement."  Published  by  the  Associated  Portland  Cement  Manufacturers 
(1900)  Ltd.,  Portland  House,  Lloyd's  Avenue,  B.C.  Second  Edition.  Paper  covers.  Is.  6d.  net  ;  stiff 
covers,  2s.  6d.  net. 
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The  second  edition  is  greatly  enlarged,  containing  340  pages,  and  is 
profusely  illustrated.  It  gives  much  useful  information  and  is  absolutely 
essential  on  the  desk  of  all  those  interested  in  building  construction  of  every 
description. 

From  the  folhtwing  chapter  headings  the  wide  scope  of  the  book  will  be 
seen  : — 

Portland    Cement,    dealini;    with    the    difference    between    Portland    cement    and 
natural  cement ;  also  slag  cement,  etc. 

Aggregates,     dealing  with   the   Selection   and   Proportioning   of   Aggregates — Per- 
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Fig.  1.     Pl.\n  and  Sections  of  a  Concrete  Motor  Pit. 


rentage    of   Voids — Mixing — Cracks    in    Concrete — Estimating    the    Cost    of    Concrete 
Work. 

Workmanship. — This  includes  Construction  of  Forms — Centering — Putting 
Concrete  in  Place — Placing  Concrete  in  Water — Surface  Finish — Waterproofing 
— Cement  Mortar — Tools  used   for  making  Concrete,  etc. 

Concrete  Blocks  and  Moulded  Concrete.  — This  chapter  also  gives  machines 
for  block-making — Concrete  Bricks  and  Roofing  Tiles,  etc. 

Reinforced  Concrete.  -This  devotes  a  great  deal  of  space  to  calculations  for 
reinforced  concrete  work. 

Memoranda  for  Concrete  Users. 

The  Uses  of  Concrete.— The  remainder  of  the  book,  some  200  pages  in  all, 
is   devoted   to   examples  of  the   numerous   uses   of  concrete. 
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We  propose  to  quote  a  few  examples  of  new  uses  illustrated  in  the  book, 
but  are  in  some  dinieulty,  as  so  many  of  those  reproduced  have 
previously   appeared   in  our  columns— in   fact,   are   largely   from   engravings  of 


Fig.  2.     Concrete  Chickkn  Hou.se. 


our  own.     The  following,  however,  should  be  new  to  most  of  our  readers,  and 
will  serve  as  good  examples  of  useful  illustrations  to  be  found  in  the  book  : — 

Fig.    I   gives  details  of  the  construction  of  a   motor  pit  in  concrete.      Satisfactory 
dimensions   for   such   inspection   pits,   which   are   very   necessary    for   the   proper   over- 
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Fig.  3.     A  Concrete  Cesspool. 

hauling  of  the  interior  of  cars,  have  heen  found  to  be  the  following  :  6  ft.  by  3  ft. 
by  4  ft.  6  in.,  but  these  can,  of  course,  be  varied  according  to  circumstances.  A  shelf 
or  recess  on  either  side  of  the  pit  is  an  advantage  ensuring  easy  access  to  the  tools, 
etc.  A  suitable  cover  can  be  made  of  2-in.  boards,  to  each  of  which  a  sunk  lifter 
should  be  provided. 
I  I  2 
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EVERY  DAY  USES  OF  PORTLAND  CEMENT. 


Fig.  2  shows  a  chicken  house  made  of  concrete.  This  material  is  particularly 
advantageous  for  such  a  purpose,  as  it  resists  the  incursions  of  rats,  weasels,  and 
other  vermin.  Such  a  chicken  house  may  be  built  with  solid  concrete  walls  5  in. 
thick.  If  the  house  is  more  than  8  ft.  wide,  the  roof,  sloping  one  wav  only  might 
bo  made  of  a  4-in.  concrete  slab  with  reinforcement  of  steel  rods  or  heavy  meshwork. 
The  slope  should  be  i  in.  in  every  foot,  and  the  surface  should  be  well  trowelled  to 
make  it  waterproof.  If  the  roof  is  more  than  8  ft.  span,  concrete  beams  or  rafters 
should  be  adopted  with  a  top  slab  ;  or  a  pitched  roof  may  be  used,  either  of  concrete 
or  other  material.  Concrete  shelves  and  water  basins  may  also  be  adopted.  The 
use   of    coke  breeze   or   clinker   is   advised   for    the   aggregate    in   constructing   such   a 
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Fig.  4.     Plan  and  Section  of  Fives  Cojrt. 

building,  as  it  gives  sufficient  porosity  to  the  concrete  to  prevent  moisture  condensing 
on  the  inside  of  the  walls  in  cold  weather.  The  walls  should  be  coated  with  a  Portland 
cement  wash  as  soon  as  the  forms  are  removed. 

Fig.  3  shows  the  construction  of  a  cesspool  for  use  where  there  are  no  public 
sewers. 

Another  use  to  which  reinforced  concrete  can  be  advantageously  applied  is  in 
the  construction  of  Fives  and  Kacquet  Courts,  and  Fig.  4  shows  a  Fives  Court  on 
the  Eton  model.  Both  these  require  high  walls  and  a  paved  floor.  The  walls  can 
be  built  thin,  panelled  at  the  back— z'.e..  stiffened  by  ribs,  braces  and  buttresses.  The 
reinforcement  need  only  serve  to  resist  stresses,  and  the  effect  of  temperature  changes 
which  would  be  inclined  to  crack  plain  concrete.  The  surface  finish  of  the  walls 
should  be  trowelled  with  cement  and  sand. 
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By  CHARLES  L.  NORTON. 

Professor  of  Heai-Meastircinent. 
Massachitscfts  Institute  of  Technology.   Boston,  Mass. 

During  the  last  three  years  a  series  of  experiments  have  been  carried  on  in  the 
Laboralory  of  Heat  .Measurements  of  the  Massachusetts  Institute  of  Technology,  having, 
for  their  object  the  study  of  those  physical  properties  of  Portland  cement  concrete  which 
affect  its  value  as  a  fire  resistant  material.  While  these  researches  are  by  no  means 
complete,  it  is  perhaps  of  interest  at  this  time  to  discuss  some  of  the  results  obtained. 
It  was  proposed  at  the  outset  to  make  a  study  of  the  various  physical  properties 
of  concrete  over  as  wide  a  range  of  temperatures  as  possible,  and  among  those  selected 
were  the  following  : 

1.  Coefficient  of  linear  expansion. 

2.  Diminution  of  mechanical  strength  after  heating. 

3.  Specific  heat. 

4.  Coefiicient  of  thermal  conductivity. 

1.     COEFFICIENT    OF    LINEAR.    EXPANSION. 

The  measurements  of  the  coefficient  of  linear  expansion  are  practically  complete, 
but  the  uncertainty  attaching  to  some  of  the  high  temperature  values,  though  slight, 
makes  it  seem  wise  not  to  report  in  detail  until  one  or  two  check  measurements  can  be 
made.  This  uncertainty  arises  from  the  great  difllculty  which  attends  the  measurement 
of  the  temperature  of  the  interior  of  a  large  block  of  cement  concrete  so  as  to  be  sure  of 
its  absolute  uniformity  at  high  temperatures.  Thermal  junctions  embedded  in  the  block 
at  distances  of  3  in.  from  one  another  are  not  sufficiently  close  to  give  the  desired 
precision. 

The  method  adopted  for  the  measurements  of  the  elongation  caused  by  heating 
was  the  common  so-called  telescope  method.  The  specimens  in  the  shape  of  6-in.  or 
lo-in.  cubes  were  slowly  heated  in  a  double  gas  muffle  or  an  electric  resistance  furnace. 
The  temperature  of  the  furnace  and  of  a  number  of  points  in  the  concrete  was  taken 
by  means  of  platinum-rhodium  couples. 

Near  the  furnace  were  mounted  two  telescopes,  Fig.  i,  which  might  be 
sighted  through  holes  in  the  furnace  wall  upon  reference  points  on  the  surface  of  the 
block.  At  low  temperatures  an  arc  light  and  a  system  of  mirrors  were  used  to  furnish 
adequate  illumination.  One  of  the  telescopes  was  provided  with  a  micrometer  eye- 
piece by  means  of  which  a  movement  of  the  reference  mark  of  -oooi  in.  could  be 
measured. 

The  values  obtained  at  low  temperatures  agree  very  well  with  the  commonly 
accepted  value  of  "0000055  ^oi"  the  elongation  per  unit  of  length  per  degree  Fahrenheit. 
Apparently  this  value  increases  slightly  up  to  575O  F.  .Above  this  point  the  coefiicient 
becomes  smaller;  at  1,500°  F.  the  coefficient  becomes  zero,  and  above  this  point 
slightly  negative.  On  cooling  the  blocks  which  had  been  heated  to  1,500°,  they  did 
not  return  to  their  original  dimension,  their  permanent  elongation  being  about  75  per 
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cent,  of  their  maximum  eloni^'ation.  On  a  second  heating  the  specimens  all  returned 
to  the  same  dimensions,  there  being  no  sensible  j>ermanent  elongation  resulting  from 
the  second  heating. 

All  of  the  specimens  tested  for  expansion  were  of  stone  concrete,  of  the  proportions 
1:2:5.  The  stone  was  clean,  the  sand  sharp,  the  cement  of  good  quality,  and  every 
precaution  was  taken  to  secure  a  concrete  of  the  first  order.  The  specimens  weighed 
on  the  average  150  lb.  per  cu.  ft. 

2.     DIMINUTION    OF    MECHANICAL    STRENGTH   AFTER    HEATING. 

In  order  to  study  the  effect  of  high  temperatures  upon  the  compressive  strength 
of  concrete  several  scores  of  6-in.  cubes  were  made  and  allowed  to  set  for  90  days  or 
slightly  longer.  These  blocks  were  then  heated  for  different  lengths  of  time  at  different 
temperatures  in  a  gas  furnace  similar  to  that  used  for  the  expansion  experiments. 

The  cubes  which  were  not  heated  showed  an  average  compressive  strength  of 
2,700  lb.  per  sq.  in.  Those  which  were  heated  to  932°  for  two  hours  lost  only  15  per 
cent,  of  their  original  strength,  and  when  this  temperature  was  prolonged  for  four 
hours  the  loss  was  43  per  cent.  If  the  blocks  were  heated  to  1,500°  for  two  hours  the 
loss  of  compressive  strength  was  38  per  cent.,  and  at  the  end  of  four  hours  the  loss  was 
66  per  cent.  The  most  important  information  secured  from  these  tests  was  to  the  effect 
that  even  after  exposure  to  a  fire  in  which  the  concrete  block,  small  in  size,  was 
subjected  to  flames  at  a  temperature  of  1,500°  for  four  hours,  it  was  still  able  to  carry 
twice  its  normal  safe  load  in  compression.  The  larger  beams  with  their  great  masses 
are  not  often  exposed  for  so  long  a  time  to  so  great  a  hazard. 

It  should  be  noted,  however,  that  there  was  a  considerably  greater  deformation 
under  load  of  the  heated  blocks  than  of  those  not  heated. 

A  large  number  of  small  beams  were  next  made,  some  with  and  some  without 
reinforcement;  most  of  these  were  either  6x6x48  in.  or  8x8x48  in.  The  specimens 
which  were  reinforced  contained  four  ^-in.  round  steel  rods  situated  near  the  corners, 
equi-distant  from  the  two  faces  of  the  beam.  In  some  the  distance  from  the  reinforce- 
ment to  the  face  of  the  beam  was  i  in.  and  in  others  i^  in.  A  few  beams  had  a  2-in. 
protection  to  the  reinforcement.  Not  many  of  these  specimens  have  been  tested  as  yet, 
but,  from  a  few,  we  are  able  to  get  a  general  idea  of  what  happens  to  beams  of  this 
type  in  case  of  exposure  to  fire. 

Three  beams  for  instance,  each  6x6x48  in.,  in  which  the  reinforcing  rods  were 
I  in.  from  the  face  of  the  beams,  were  broken  by  centre  load,  the  first  beam  not  having 
been  heated  at  all,  the  second  heated  for  one  hour  in  a  fire  that  fused  the  surface  of 
the  concrete,  and  the  third  being  similarly  heated  for  two  hours.  The  beam  which  was 
not  heated  broke  under  a  load  of  5,700  lb.  ;  the  second,  heated  for  one  hour,  broke  at 
2,750  lb.,  while  the  third,  heated  for  two  hours,  broke  at  1,950  lb.  I  consider  this  a 
most  remarkable  showing  under  severe  conditions.  It  should  be  borne  in  mind  that 
these  small  beams  were  so  slow  in  cooling  down  that  they  were  in  effect  heated  much 
longer  than  the  time  mentioned.  The  flames,  moreover,  surrounded  the  beams  on  all 
sides. 

Several  similar  tests  were  made  with  concrete  beams  of  the  same  dimensions, 
6x6x48  in.,  with  no  reinforcement.  These  were  heated  for  two  and  four  hours  at 
1,700°  F.  After  this  exposure  all  of  the  beams  were  very  frail,  not  one  of  them  showed 
any  cracking  or  spalling,  however.  It  was  not  considered  necessary  to  break  any  of 
these  beams,  as  it  was  apparent  that  the  concrete  on  the  tension  side  of  the  beam  was 
much  weakened.  Some  of  the  more  recent  experiments  made  on  beams  8x8x48  in. 
show  that  these  larger  beams  are  much  less  weakened,  proportionally,  as  would  be 
expected  to  be  the  case. 

A  series  of  similar  beams  were  next  made  up  of  cinder  concrete,  the  proportions 
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of  the  mixture  Ixint*  1:2:5.  A  portion  of  these  were  mixed  with  clean  cinders,  which 
showed  upon  analysis  but  little  carbon;  a  second  part  was  mixed  with  cinders  to 
which  10  jx^r  cent,  of  fine  bituminous  coal  had  been  added,  and  the  other  beams  were 
mixed  with  cinder,  to  which  had  been  added  25  per  cent,  of  fine  coal.  The  25  per  cent, 
mixture  can  be  disposed  of  in  a  word.  When  once  thoroughly  heated  it  burned  until 
it  fell  to  pieces.  With  the  10  per  cent,  mixture,  however,  no  such  action  occurred; 
there  was  no  indication  that  the  concrete  would  support  its  own  combustion  even  for 
a  short  time.  It  was  ajiparent  that  the  10  per  cent,  mixture  was  not  so  good  a  fire- 
resistive  material  as  that  which  contained  no  added  carbon.  From  the  few  specimens 
containing  less  than  10  per  cent,  which  have  been  examined  up  to  the  present,  it  seems 
probable  that  the  safe  limit  is  close  to  5  per  cent.  More  information  is  now  being 
secured  on  this  point. 

3.    SPECIFIC  HEAT, 

The  study  of  the  specific  heat  t>f  concrete  was  made  by  the  ordinar\-  calorimeter 
method,  the  "  method  of  mixtures  "  of  Regnault.  Specimens  of  the  concrete,  usually 
fragments  of  the  larger  test  pieces,  were  heated  slowly  in  an  electric  resistance  furnace 
to  the  desired  temperature  and  then  plunged  into  the  calorimeter.  The  weight  of  the 
water  and  its  rise  in  temperature  give  the  amount  of  heat  given  off  by  the  body  in 
cooling, 

Extraordinarv  precautions  were  taken  in  getting  the  exact  average  temperature  of 
the  specimen   in   the  furnace,   and  to  insure  its  rapid  transfer  to  the  calorimeter.      In 

Table  I. — Specific  Heat. 


Temperature. 

Stone  Concrete 

Stone  Concrete 

Cinder  Concrete 

Degrees  Fahrenheit. 

1:2:5 

1:2:4 

1  :2:4 

72  to    212 

.156 

.154 

72  to    372 

,192 

.  190 

.  180 

72  to  1172 

.201 

.210 

.206 

72  to  1472 

.219 

.214 

.218 

72  to  2172 

• 

• 

most  of  the  experiments  a  double  calorimeter  was  used  so  that  the  specimen  did  not 
come  in  contact  with  the  water  of  the  calorimeter,  so  that  any  evolution  of  heat  by 
hydration  of  the  cement  was  avoided.     Table  I.  gives  the  specific  heat  of  concrete. 

4,     COEFFICIENT    OF    THERMAL    CONDUCTIVITY, 

The  measurements  of  thermal  conductivity  were  made  by  a  number  of  methods  and 
have  taken  far  more  time  and  energy  than  all  the  others  put  together.  The  thermal 
conductivity  is  that  property  which  determines  how  rapidly  heat  will  travel  through 
a  substance  and  how  rapidly  therefore  objects  beyond  will  be  heated  bv  transmission. 
The  conductivity  becomes  of  prime  importance  in  all  questions  of  protection  of  the 
metal  in  reinforced  concrete  buildings.  There  is  very  little  data  to  be  found  as  to  this 
important  property  of  any  of  the  common  materials  of  engineering  and  such  data  as  are 
to  be  found  are  not  at  all  concordant.  As  to  the  conductivity  of  concrete  or  its  variation 
with  temperature  and  with  composition,  practically  nothing  has  been  known. 

The  methods  adopted  for  the  measurements  will  be  here  described  in  outline  only. 
The  formula  showing  the  relation  of  the  temperature  upon  the  two  sides  of  a  plate  to 
the  amount  of  heat  which  would  flow  through  it  is  as  follows  : 

_K  it^-t^)  s  A 

d 

Qd 


Q 

A'  = 
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where  A'  =  the  coefficient  of  thermal  conductivity  dependent  upon  the  nature  of  the 
material  and  its  temperature. 
0=the  quantity  of  heat  flowing  through  the  plate  in  the  area  measured. 
A  =the  area. 

^^  =  the  temperature  of  the  hotter  side  of  the  plate. 
t.^=the  temperature  of  the  cooler  side  of  the  plate. 
(f  =  the  thickness  of  the  plate, 

s=time  during  which  O  units  flow  through  the  area  A. 
The  formula  will  be  seen  to  be  merely  an  expression  of  the  following  relations, 
that  the  flow  of  heat  is  proportional  to  the  area,  to  the  temperature,  and  the  time,  and 
that  it  is  inversely  proportional  to  the  thickness. 

After  spending  many  months  in  developing  other  methods  the  electrical  method 
used  by  the  writer  for  the  past  fifteen  years  in  studying  the  flow  of  heat  through  steam 
pipe  coverings  was  adopted.  The  value  O  of  the  heat  flowing  was  determined  by 
supplying  the  heat  by  means  of  the  heating  of  a  conductor  carrying  a  current  of  elec- 
tricity. By  measuring  the  electrical  energy  supplied  the  quantity  of  heat  developed 
may  be  known  with  great  precision.  Further,  if  this  heat  is  passed  through  the  plate 
under  test  and  into  a  calorimeter  on  the  far  side,  a  check  upon  the  value  of  Q  may  be 
had.  For  the  determination  of  the  temperature  different  thermal  couples,  resistance 
thermometers,  and  mercury  thermometers  were  used,  but  thermal  junctions  made  of 
thin  strips  of  copper  and  nicl-cel  or  of  platinum  and  platinum-rhodium  were  fJeneraliv 
found  most  serviceable. 

The  apparatus  used  for  the  lower  temperatures  consisted  of  a  thin,  electrically- 
heated  plate,  to  the  two  sides  and  edges  of  which  concrete  could  be  applied.  Outside 
of  the  concrete  there  were  then  placed  heavy  copper  or  brass  plates  which  could  be 
kept  at  a  constant  temperature  by  an  internal  circulation  of  water.  Thermal  junctions 
were  placed  at  several  points  on  each  surface  of  each  concrete  plate.  The  electrical 
input  was  measured  by  calibrated  Weston  instruments,  and  calibrated  thermal  junctions 
gave  the  value  of  the  temperature  difference  to  the  nearest  one-one-hundredth  of  a 
degree.  For  the  thickness,  numerous  measurements  were  made  with  a  pair  of  fl.u- 
nosed  calipers  and  averaged. 

It  was  necessary  to  keep  this  apparatus  running  for  several  days  before  it  could 
be  balanced,  that  is,  before  the  rate  of  flow  of  heat  outward  through  the  plates  became 
constant  and  equal  to 
the  electrical  input. 
The  n  u  m  b  e  r  of 
measurements  has 
now  reached  many 
hundreds,  and  it 
seems  apparent  that 
the  precision  of  the 
method  depends  on 
the  accuracy  with 
which  the  thickness 
of  the  specimens  can 
be  maintained  con- 
stant. Otherwise  the 
accuracy  i  s  better 
than  I  per  cent.  This 
apparatus  has  been 
named  by  my  assis- 
tants the  "  flat  plate 

tester,"   and  perhaps 

...  ,,   ^  ,      .  Fig.   1.      Diagram  of  Apparatus  for   Measuring   Coefficient  ok 
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Lator,  in  order  to  make  tests  on  plates  as  thick  as  sonu-  of  the  wails  in  common 
use,  another  method  was  adopted.  Cubical  boxes  36  in.  in  outside  dimension  were 
built  with  walls  of  several  thicknesses.  Inside  the  boxes  were  placed  electric  heaters 
which  s<rvi'd  to  raise  the  inside  surface  to  a  temperature  above  that  of  the  surround- 
ing's. A  sketch  of  the  ajjiiaratus  is  shown  in  Fig.  2.  A  small  fan  served  to  keep  the  air 
in  the  box  stirred  to  insure  uniformity  of  temperature  throughout.  The  boxes  were 
tightly  sealed.  The  power  supplied  to  both  heater  and  fan  was  measured  as  before. 
.Mercurv  thermometers  and  thermal  junctions,  as  well  as  a  Callender  recording  re- 
sistance thermometer,  were  used  to  measure  the  difference  in  the  temperatures  inside 
and  outside  of  the  box.  Data  has  been  secured  on  scores  of  specimens  and  it  is 
practically  identical  with  the  results  obtained  by  the  flat  plate  tester. 

For  the  high  temperatures  a  modification  of  the  entire  process  was  found  necessary. 
The  concrete  to  be  tested  was  cast  in  the  form  of  a  cylinder  on  the  outer  surface  of  and 
concentric  with  a  steel  bar  which  could  be  heated  to  a  high  temperature  by  the  passage 
of  a  heavv  current.  Outside  of  the  cylinder  of  concrete  w-as  applied  a  closely-fitting 
"  coniinuous  "  calorimeter.  Tlie  temperatures  of  the  bar  and  of  the  calorimeter  were 
measured  by  thermal  junctions,  and  the  amount  of  water  and  its  rise  in  temperature 
gave  the  value  of  O. 

In  order  to  guard  against  the  uncertainty  of  the  temperature  at  the  ends  of  the 
bar,  the  calorimeter  was  made  so  as  to  enclose  only  about  one-half  the  length  of  the 
Table  II.— Coefficient  of  Thermal  Conductivity  of  Concrete. 


Temperature  of 

hot  side  of  plate. 
Degrees. 

Coefticient.      Calories   per 

Coefficient.     B.  T.  U.  per 

Mixture. 

1  deg.  C  per  sq.   cm.  per 
cm.  per  second. 

1  deg.   F.   per  sq.  ft.    per 

Centi- 

Fahren- 

in. thick  per  24  hours. 

grade. 

heit. 

35 

95 

Stone  1:2:5 

.00216 

150. 

50 

122 

Stone  1  :  2  :  4  not 

tamped 

.00110  to    .ooieo 

76.     to  114. 

50 

95 

Cinder  1:2:4 

.00081 

56. 

200 

392 

Stone  1:2:4 

.0021 

146. 

400 

752 

Stone  1:2:4 

.0022 

153. 

500 

932 

Stone  1:2:4 

.0023 

160. 

1000 

1832 

Stone  1:2:4 

.0027 

188. 

llOJ 

2012 

Stone  1:2:4 

.0029 

202. 

bar,    the 
provision 


m 

^ 

i 
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rest    being   covered    bv    guard    rings    similar    to    the    calorimeter    but    without 

for  the  measureiiient  of  the  quantity  of  water. 

The  heating  of  the  bars  required  a  con- 
siderable amount  of  special  apparatus,  since 
it  was  necessary  to  provide  a  current  of  up- 
wards of  2,000  amperes  for  the  high  tempera- 
tures, and  to  be  able  to  vary  its  amount  to 
any  desired  value  below  that  point.  For  this 
purpo.se  there  were  installed  three  15  k.w. 
transformers  connected  on  the  primarv  side 
with  a  three-phase  2,300  volt  circuit.  By 
means  of  divided  secondaries  and  a  rather 
elaborate  arrangement  of  switches,  the  second- 
ary voltage  could  be  varied  from  190  volts 
down  to  55  volts.  This  secondary  voltage  was 
applied  to  the  primary  of  a  second  step-down 
transformer,  whose  secondary-  was  divided 
into  twenty  coils.  By  means  of  a  switch- 
board   the  entire   output   of   the   transformer 
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could  be  had  at  almost  any  desired  low  voltage.  This  enables  us  to  heat  bars  insulated 
by  materials  of  different  composition  and  of  different  thicknesses  to  any  desired 
temperature  up  to  2,800°  F.  With  this  arrangement  both  the  steel  and  the  concrete  can 
-easily  be  melted. 

The  results  obtained  are  given  in  Table  II.  It  is  to  be  regretted  that  there  is  no 
uniformity  of  practice  as  to  the  units  to  be  adopted  in  reporting  the, measure  of  effec- 
tiveness of  insulators.  While  the  physicist  renders  his  report  in  calories  per  square 
centimetre,  per  centimetre  thickness,  per  1°  Centigrade  per  second,  the  steam  engineer 
confines  his  observations  to  B.T.l\  per  hour,  per  square  foot,  per  inch  of  thickness,  per 
1°  F.,  and  the  refrigerating  engineer  reports  on  the  basis  of  a  2-i-hour  time  unit.  I 
have  even  seen  a  report  in  terms  of  hogsheads  of  water  raised  10  the  boiling  point, 
time  not  stated. 

A  brief  comparison  of  these  values  with  those  for  other  materials  mav  be  inte- 
resting. 

The  specific  heat  of  concrete  is  slightly  less  than  that  of  either  red  brick  or  fire 
brick,  hence  the  same  amount  of  heat  needed  to  raise  the  temperature  of  a  pound  of 
brick  is  about  10  per  cent,  more  than  for  a  pound  of  concrete.  But  the  density  of 
concrete  is  enough  greater  than  that  of  brick  to  raise  the  heat  capacity  of  a  cubic  foot 
of  concrete  above  that  of  brick.    The  difference  is  not  large,  however. 

While  the  expansion  data  is  not  complete,  it  seems  clear  that  for  a  time  after  the 
beginning  of  exposure  to  fire,  the  concrete  and  its  reinforcement  will  expand  at  much 
the  same  rate,  but  that  the  further  expansion  of  the  surface  will  not  proceed  at  so 
rapid  a  rate.  This  will  tend  to  reduce  the  stresses  which  the  expansion  of  the  heated 
surface  would  otherwise  set  up  in  the  cooler  interior.  It  is  perhaps  because  of  the  failure 
of  the  concrete  to  return  to  its  original  dimensions  that  the  small  amount  of  surface 
cracking  found  after  a  fire  is  due. 

The  experiments  made  with  coal  and  cinder  mixtures  indicate  the  necessity  of 
added  care  in  the  selection  of  cinders  for  this  purpose. 

The  table  of  thermal  conductivities  gives  us  data  as  to  the  rate  at  which  heat  will 
travel  through  concrete.  It  is  interesting  to  note  the  great  difference  between  the 
tamped  and  the  untamped  concretes  made  from  stone.  The  one  was  as  porous  as 
possible,  and  the  other  as  dense.  One  transmits  nearly  twice  as  much  heat  as  the  other. 
The  cinder  concrete,  as  is  commonly  believed,  is  much  better  as  a  heat  insulator  than 
the  stone  concrete,  being  nearly  three  times  as  effective  as  the  denser  stone  concrete  in 
retarding  the  flow  of  heat.  It  may  be  interesting  to  call  attention  to  the  heat  insulation 
afforded  by  other  materials.  The  best  of  the  commercial  articles  used  for  this  purpose 
is  compressed  cork,  which  is  nearly  25  times  as  effective  as  stone  concrete.  Steel,  on 
the  other  hand,  transmits  heat  from  75  to  100  times  as  fast  as  the  densest  of  the  stone 
concrete. 
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By   E.   R.   MATTHEWS.  A.M.Inst.C.E..   F.G.S.,   Borough   Engineer. 

The  adv^ntaaes  of  using  concrete  tubes  as  seiver  pipes  has  been  dealt  "with  more  than 
once  in  this  /ournal,  and  ive  have  given  numerous  examples  of  their  increasing  use  for  this 
purpose.  — ED. 


'l"nK  advantag-es  of  using-  concrete  tubes,  if  well  matured,  instead  of  the  ordinary 
fireclay  pipe  in  the  construction  of  sewers  have  already  been  set  out  by  the  author 
in  a  pre\i()us  issue  of  this  journal.  It  is  his  intention  in  this  short  article  to 
describe  the  use  bv  him  recently  of  g-ranite-concrete  tubes  in  constructing  certain 
new  sewers  at  Bridlington. 

Remodelling  of  the  Hilderthorpe  Sewerage  System.— Owing  to  the  rapid 
development  of  the  portion  of  the  town  on  the  south  side  of  the  harbour,  known 
as  the  Hilderthorpe  District,  the  author  recommended  the  Town  Council  to 
allow  him  to  prepare  a  scheme  for  the  re-modelling  of  the  main  drainage  svstem 
in  this  district.  This  he  did,  and  the  scheme,  which  was  approved  bv  the 
Local  (Government  Hoard,  included  the  taking  up  of  some  of  the  main  sewers, 
which  were  not  only  altogether  inadequate  as  regards  their  discharging  capacitv, 
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Circular  Tubes  for  Sewer  Pipes, 


but  were  also  found  to  be  very  defective,  many  of  the  pipes  that  were  bared 
for  the  purpose  of  inspection  being  found  broken  in  several  pieces.  Scarcely 
one  sound  house  connection  was  found  to  the  old  sewers  when  carrying  out  the 
work. 

In  the  author's  scheme  he  allowed  for  the  substitution  of  30-inch  granite- 
concrete  sewer  tubes  in  place  of  the  existing  18-inch  sewer  in  South  Clift  Road, 
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and  24-inch  concrete  tubes  to  take  the 
place  of  the  old  15-inch  sewer  in  Pem- 
broke Terrace.  In  both  cases  the  new 
sewer  was  to  be  laid  4  ft.  deeper  than 
the  old,  so  as  to  allow  of  the  drainage  of 
a  district  at  present  outside  the  Borough 
boundary,  but  which  mav  in  a  year  or 
two  be  annexed. 

As  concrete  tubes  were  laid  only  in 
the  two  streets  named,  the  remainder  of 
the  scheme  for  re-modelling  will  not  be 
discussed. 

The  author  will  now  briefly  describe 
(fi)  the  granite-concrete  tubes  used  by 
him;  ih)  difficulties  to  be  overcome  in 
using  tubes  of  this  class  in  sewer  con- 
struction. 

( /)    The    G ranite=Concrete     Tubes 

Used. —  1  he  author  has  no  interest  wliat- 
ever  in  the  tubes  manufactured  by  any 
particular  firm,  and  therefore  is  able  to 
speak  freely  regarding  the  tubes  used  by 
him.  These  were  supplied  by  Messrs. 
John  Ellis  &  Sons,  Ltd.,  of  Leicester;  the 
30-in.  were  2h  in.  thick,  the  24-in.  2  in. 
thick,  and  both  were  in  3  ft.  lengths. 
They  cost,  delixered  to  Bridlington, 
6s.  bid.  and  3s.  lohd.  respecti\ely  per 
foot  run,  and  if  reinforced  would  have 
cost   6s.    I  id.    and   4s.    2d.    per  foot   run 

respectively. 

The  tubes  are  manufactured  as  fol- 
lows :  Portland  cement  and  Mount- 
sorrel  granite  are  used  in  the  propor- 
tions of  I  to  3.     The  granite  is  crushed. 

washed,     and     passed     through     a     ^-in. 

mesh. 

When     reinforced,      steel     ribs     are 

inserted;     these     are     J-in.     round     steel 

wire  rings,   welded  and   worked  into  the 

material  9  in.    apart. 

8i  ft.    of  the  30-in.    tubes  equals   in 

weight    8Mt.     i    ton;    and    in    the    24-in. 

tubes    13^^  ft. 

(6)  Difficulties  to  be  overcome  in 

using  tubes  of  this  class  in  sewer  con- 
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struction.    Splayed  Joints.      'I'lu'    j-ints    of    ihesc    lul)es    bcin^-    s,.l;,y 

i-r(iniiH-s     tlu'     -i-caU'st     caw     ;in(l     piilirncc-     to     get     a     good     joint.         I 

fri(|urnll\       happen 

that  thr  tuht  s  liave 

Iv)  hv   iurncd   round 

srxeral      timi'S     l)e- 

lOii-     one      will      111 

will  into  tlu-  other, 

and     it     frequently 

occurs    that    to   get 

the     lower     half    of 

tlu'  p\]y.-  to  tit  well, 

tin    ui)per   half   has 

a  wide  joint. 

The  author 
considers  that  the 
joint  might  be  \  ery 
much  improved. 
He  would  not  re- 
commend similar 
tubes  to  be  laid  in 
bad  ground,  unless 
a  good  bed  of  con- 
crete was  first  put 
in.  Most  of  the 
tubes  laid  by  him 
were  on  a  good 
clay  bottom  ;  some 
of  the  24-in.  tubes 
in  Pembroke  Ter- 
race, h  o  w  e  V  e  r, 
were  in  a  bad  cut- 
ting, and  had  to 
be  laid  on  a  con- 
crete bed. 

Junctions.  — 
It  is  better  to  cut 
these  on  the  site ; 
the  exact  angle  at 
which  it  is  re- 
quired to  connect 
the  drain  can  then 
be  ascertained  more 
readily.  The  cut- 
ting   of    the    tubes 

for  the  junction  pipes  should  be  done  with  the  greatest  care,  and 
twenty-four  hours  should  elapse  between  the  making  of  the  junction 
laying  of  the  tube  in  position. 

I  22 


r(l,      It 
L     will 


at    least 
and  the 
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Handling  of  the  Pipes. — The  tubes  being  somewhat  heavy,  there  is  a 
temptation  on  the  part  of  a  contractor  to  handle  them  roughly.  The  author 
found  that  by  using  a  4-ton  crane  there  was  no  fear  whatever  of  breaking  a 
pipe. 

Plain  Concrete  versus  Reinforced  Tubes.  —  The  firm  supplying  these 
tubes  recommend  that  in  a  cutting  not  exceeding  20  ft.  in  depth  plain  concrete 
tubes  should  be  used ;  at  a  greater  depth  than  this  they  suggest  reinforced 
tubes.  The  maximum  depth  of  the  South  Cliff  Road  cutting-  was  16  ft.,  and 
of  the  Pembroke  Terrace  cutting   1 1  ft. 

Notes  in  General. — Xinety-five  lineal  yards  of  the  30-in.  tubes  were  laid, 
and  two  hundred  and  three  yards  of  the  24-in.  ;  the  former  at  a  gradient  of 
I   in  200,  the  latter  at  i   in  176. 

Pipes  should  be  well  matured.  —  This  is  the  most  important  point  in  con- 
nection with  the  use  of  concrete  tubes.  They  may  be,  and  will  be  if  well 
matured,  most  successful;  or  may,  on  the  other  hand,  if  not  properly  matured, 
be  a  failure.  The  firm  supplying  them  should  on  no  account  send  out  tubes  that 
fail  in  this  respect.  I'he  engineer  using  them  cannot  be  expected  to  test  the 
tubes  any  more  than  he  would  test  ordinary  fireclay  sewer  pipes ;  he  takes  it 
for  granted  that  the  reputation  of  the  firm  sending  out  the  tubes  is  at  stake 
when  these  materials  leave  their  works. 

The  contractor  for  these  new  sewers  at  Bridlington  was  Mr.  Brumby 
Robinson,  of  Hull,  and  the  works  were  executed  under  the  able  supervision  of 
the  Clerk  of  Works,  Mr.  W.  Barugh,  of  Bridlington. 
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Interim    Report    of    the    Reinforced    Concrete     Practice     Standing 
Committee  of  the  Concrete  Institute  on  the  Consistency  of  Concrete. 

The  following  report  of  the  Reinforced  Concrete  Practice  Standing  Committee  of  the 
Concrete  Institute^  on  "  The  Consistency  of  Concrete  "  •'I'as  read  at  a  Genera!  Meeting  on 
January  llth,  Mr.  F.  E.  Went'u'orlh-Sheilds,  M.Inst. C.E.,  presiding.  A  good  discussion 
folloiued,  "which  ive  publish  below.  —ED. 


A  ciRCTi.AK  letter  of  inquiry  on  the  subject  of  the  Consistency  of  Concrete  was 
addressed  to  the  members  of  the  Concrete  Institute,  in  which  it  was  suggested 
that  a  specification  as  drafted  would  be  of  service,  pending  experiments  and 
tests  that  ought  to  be  made  to  determine  the  exact  proportion  of  water  to  be 
used  in  concrete  in  order  to  obtain  the  best  mixture.  This  specification,  as  now 
slightly  modified  by  the  Committee,   is  as  follows  : — 

Consistency  of  Concrete.—  For  mass  concrete  the  quantity  of  water  added 
to  the  other  constituents  shall  be  sufficient  to  make  a  plastic  mixture  which,  after 
thorough  ramming,  will  quiver  like  a  jelly. 

For  reinforced  concrete  the  quantity  of  water  added  to  the  other  constituents 
shall  he  such  that  the  plastic  mixture  is  capable  of  being  rammed  into  all  parts 
of  the  moulds  and  between  the  bars  of  the  reinforcement. 

Note. — In  dry  or  hot  weather  the  quantity  of  water  shall  be  increased  in  order 
to  allo-w  for  evaporation. 

Fifty-eight  replies  were  received,  from  which  a  number  of  extracts  are 
appended  hereto. 

The  replies  have  been  carefully  considered  by  the  Reinforced  Concrete 
Practice  Standing  Committee,  who  have  come  to  the  following  conclusions  : — 

1.  It  is  inadvisable  to  lay  down  any  definite  rule  as  to  the  percentage  of 
water  to  be  used  in  mixing  concrete,  owing  to  the  varying  conditions  which 
obtain.  The  proposed  specification  is  difficult  to  improve  upon,  and  seems  to 
meet  with  general  agreement. 

2.  The  strength  of  concrete  apart  from  any  reinforcement  increases  as 
the  amount  of  water  used  in  mixing  is  decreased,  this  being  more  particularly 
the  case  during  the  eailier  stages  of  the  maturing  of  the  concrete.  Eventually 
the  wetter  of  two  mixtures  will  approach  more  nearly  to  the    drier  in  strength. 

3.  In  reinforced  concrete,  particularly  in  such  portions  as  mav  contain 
a  large  amount  of  reinforcing  bars  or  the  like  placed  closely  together,  it  is 
essential  that  the  concrete  should  be  sufficiently  wet  to  pass  between  the 
reinforcing  bars,  and  to  thoroughly  surround  every  portion  of  the  steel.  This 
should  be  ensured  even  at  the  expense  of  having  the  concrete  wetter  than  would 
otherwise  be  desirable. 
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Where  the  reinforcement  is  not  very  closely  spaced  it  is  unnecessary  for 
the  concrete  to  be  so  wet. 

4.  Other  conditions  being-  the  same,  the  drier  the  concrete  the  more 
quickly  will  it  set  and  mature.  This  is  of  importance  when  there  is  any 
dang-er  of  g-reen  concrete  being  attacked  by  frost. 

5.  The  wetter  the  concrete  the  g-reater  is  the  tendency  to  contract  during 
the  process  of  setting-  and  maturing-.  .Appreciable  contraction  may  sometimes 
continue  for  a  period  of  several  years. 

6.  The  Committee  is  divided  as  to  the  advisability  of  determining  by  some 
means  of  mechanical  test  the  exact  deg-ree  of  "  wetness  "  or  consistency  of 
concrete  after  mixing.  If  some  scale  of  consistency  were  adopted,  it  would 
be  possible  to  specify  that  concrete  for  any  particular  portion  of  the  work 
should  be  of  such  and  such  a  consistency,  after  mixing.  This  would  not,  of 
course,  be  at  all  the  same  as  specifying  that  any  particular  amount  of  water 
should  be  used  in  mixing  such  concrete,  owing  to  differences  of  atmospheric 
temperature,  aggregate,  etc. 

The  advocates  of  the  institution  of  some  such  scale  of  consistency  are  of 
opinion  that  the  Concrete  Institute  should  carry  out  tests  on  the  subject. 

SUMMARY    OF    REPLIES    RECEIVED. 

1.  Seyeral  correspondents  adyocate  the  consideration  of  the  results  of  tests  before 
any  rule  is  arrived  at. 

2.  One  correspondent  suggests  that  a  table  should  be  given  showing  the  maximum 
difference  found  in  practice  with  different  aggregates  in  the  usual  proportions  and 
under  different  conditions,  the  quantity  of  water  to  be  stated  in  gallons  per  cubic  yard 
and  the  moulds  assumed  to  be  of  soft  wood.     The  form  of  table  is  as  follows  : — 

PROPORTIONS    OF    CONCRETE. 
Gallons  of  water  per  cubic  yard  of  materials. 


Sandstones,  Oolites,  "Common" 
Brick. 

Granites  and  Hard 
Limestones. 

Aggregate,  Dry.                    Aggregate,  Wet. 

A. 

B. 

A. 

B. 

A. 

B. 

Dry  weather  ... 

Wet  weather 

A  =  for  getting  into  corners  and  sticking  to  steel  all  over  to  prevent  corrosion. 
B  =  for  strength  in  masses  of  concrete. 

3.  .Some  correspondents  point  out  that  ihe  quantity  of  water  required  might  vary 
with  the  character  of  the  cement — namely,  whether  "  quick  "  or  "  slow  "  setting. 

4.  A  correspondent  points  out  that  in  one  case  25  to  30  gallons  of  water  per  cubic 
yard  of  concrete  has  been  advised,  and  in  another  case  21  to  24  gallons  per  cubic  yard  of 
dry  material. 

5.  A  second  correspondent  uses  one  gallon  of  water  to  one  cubic  foot  of  dry 
material  where  the  aggregate  is  Crushed  Thames  ballast;  in  his  case,  when  the  tem- 
perature has  been  above  normal,  it  has  been  necessary  to  increase  the  amount  up  to 
25  per  cent,  of  the  above-stated  quantity,  and  when  the  reinforcement  is  heavy  and 
ramming  difficult,  a  further  supply  of  water  is  necessary  and  li  gallons  may  be  needed. 

6.  A  third  correspondent  say's  that  usually  about  22  per  cent,  of  the  total  volume 
of  cement  and  sand  or  20  per 'cent,  by  weight  of  these  are  usually  taken  for  the 
quantity  of  water,  but  points  out  that 'about  15  per  cent,  by  voluine  is  required  to 
enter  into  chemical  combination  with  the  cement  and  sand,  and  the  rest  is  lost  by 
evaporation,  leaving  in  its  place  undesirable  voids  in  the  mass. 
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7.  One  correspondent  suggests  that  the  provision  as  to  addition  of  water  in  hut 
and  dry  weather  is  unnecessary,  for  under  such  circumstances  a  certain  increase  would 
be  automatically  rctiuired  to  produce  plasticity,  and  the  loss  should  be  prevented  and 
not  counteracted  by  means  which  tend  to  impair  the  quality  of  the  concrete.  He 
suggests  the  substitution  of  the  following  rule  as  sufficient  to  cover  all  cases  : 

"  The  cjuantily  of  water  added  to  the  cement  and  aggregate  mixture  shall  be  just 
sufficient  to  produce  a  plastic  mass  after  thorough  and  comjjlete  mixing." 

8.  -Another  correspondent  would  prefer  to  substitute  the  following  wording  for  the 
clauses  put   forward  : 

"  For  mass  concrete  as  much  water  should  be  added  as  the  mixture  will  take 
without  spilling  away  or  working  up  to  the  surface  when  the  concrete  is  being 
conveyed  to  its  destination. 

"In  the  case  of  reinforced  concrete  if  after  ramming  into  position  the  water  works 
up  to  the  surface,  the  quantity  may  be  considered  excessive.  Short  of  this,  however, 
as  much  water  as  possible  should  be  added." 

9.  .\  corre-ipondent  requires  the  condition  "  that  when  the  concrete  is  thoroughly 
rammed  into  place  water  shall  only  just  appear  on  the  rammed  surface." 

10.  A  correspondent  suggests  the  insertion  of  the  word  "  light  "  before  the  word 
"  ramming,"  as  the  heavy  way  in  which  this  is  carried  out,  especially  in  reinforced 
concrete,  often  results  in  the  boards  of  which  the  moulds  are  made  springing  apart 
and  so  allowing  the  water  and  cement  to  ooze  through  the  joints  and  detract  from  the 
final  strength. 

11.  One  correspondent  suggests  adding  in  the  first  paragraph  the  words  "  and  not 
more  than  sufficient  "  after  the  word  "  sufficient." 

12.  It  is  suggested  that  emphasis  should  be  laid  on  the  fact  that  the  mixture  must 
only  quiver  like  a  jelly  after  the  ramming  has  been  completed  and  not  before.  It  is 
also  suggested  that  it  might  be  advisable  to  state  that  where  absorbent  coarse  materials 
are  used  great  care  should  be  taken  to  let  them  absorb  all  the  water  they  require  before 
being  mixed  with  the  cement,  or  having  arrived  by  experiments  at  the  amount  of  water 
which  the  aggregates  will  absorb  that  extra  amount  of  water  should  be  added  at  the 
time  of  gauging.     It  is  thought,  however,  that  the  former  practice  would  be  preferable. 

13.  One  correspondent  points  out  that  the  words  "  quiver  like  a  jelly  "  would 
applv  to  a  small  aggregate  and  gentle  continuous  ramming,  but  that  a  larger  graded 
aggregate  would  not  show  the  same  result. 

14.  One  correspondent  does  not  favour  ramming  of  concrete,  preferring  "  a 
plastic  mixture  of  the  utmost  possible  density,  which  will  flow  into  position  in  the 
moulds  and  round  and  in  contact  with  the  reinforcement  (if  any)  without  ramming 
other  than  consolidation  aided  by  iron  bars  or  spades." 

15.  Two  correspondents  point  out  that  the  danger  to  be  guarded  against  where  a 
plastic  mixture  is  advised,  is  one  of  loss  of  homogeneity  caused  by  repeated  ramming 
resulting  in  the  larger  parts  of  the  aggregate  going  to  the  bottom,  leaving  the  fine 
particles  at  the  top. 

16.  .\nother  correspondent  suggests  that  to  the  rule  for  reinforced  concrete  should 
be  added  the  words  "  but  in  no  case  should  the  water  be  so  much  in  excess  as  to  cause 
the  concrete  to  be  of  such  consistency  that  when  the  mould  is  filled  and  rammed  it  has 
a  distinct  tendency  to  act  as  a  semi-fluid  under  the  punner." 

17.  A  correspondent  objects  to  the  watering  down  of  concrete  to  the  co'nsistency 
of  slurry  in  order  to  make  it  run  into  the  centering  and  round  the  steel,  for  the 
average  centering  is  not  sufficiently  watertight  to  prevent  a  certain  portion  of  the 
finest  material  escaping.  He  thinks  that  attenuated  dimensions  in  reinforced  concrete 
work  should  be  avoided,  so  as  to  do  away  with  the  necessity  for  making  the  concrete 
so  liquid. 

18.  It  is  suggested  that  the  sjjecification  should  state  that  for  reinforced  work  the 
concrete  should  not  contain  so  much  water  as  to  cause  a  large  quantity  thereof  to 
exude  during  ramming. 

19.  It  is  pointed  out  that  with  reinforced  concrete  pipes  it  might  be  found 
impracticable  to  ram  the  mixture  into  all  parts,  and  for  such  class  of  work  it  would 
have  to  be  of  such  consistency  as  to  run. 

20.  Several  correspondents  direct  attention  to  the  prevention  of  drving  in  hot 
climates.     The  procedure  adopted  by  one  correspondent  is  to  use  verv  little  more  water 
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in  the  original  mixture,  but  to  shade  the  work  from  the  direct  rays  of  the  sun  for 
the  first  twenty-four  hours.  Then  if  in  small  blocks  they  are  totally  immersed  in  a 
shallow  tank  of  water,  or  if  in  mass  concrete  the  work  is  covered  with  wet  sacks  or 
reed  matting  which  is  kept  at  the  point  of  saturation.  In  either  case  the  concrete  is 
sprayed  with  water  twice  a  day  for  about  a  fortnight. 

2  1.  Another  correspondent  in  hot  and  dry  weather  waters  the  concrete  two  or 
three  times  daily  for  a  week  or  so. 

22.  One  correspondent  suggests  adding  the  words  "  and  absorption  "  after  the 
word  "evaporation."  He  thinks  that  in  hot  weather  it  is  possible  the  falsework 
should  be  watered  on  the  outside  unless  a  little  extra  water  be  added  to  the  concrete. 

23.  A  correspondent  desires  to  call  attention  to  the  legal  aspect  of  the  case, 
which  would  probably  be  raised  in  the  case  of  a  dispute,  and  that  is  the  "  goodness  " 
or  "  badness  "  of  the  rule.  For  this  reason  he  thinks  the  personal  element  must  be 
entirely  eliminated,  and  the  rule  or  specification  should  be  so  framed  that  the  results 
will  be  the  same  irrespective  of  the  persons  who  shall  do  the  work.  He  suggests  the 
making  of  a  wooden  box,  5  in.  wide  by  3  in.  deep  and  6  in.  high,  with  two  i-in.  square 
steel  bars  arranged  vertically  and  attached  securely  to  the  5-in.  side,  which  latter  is  to 
be  hinged  at  the  bottom  to  the  remainder  of  the  box  so  as  to  be  capable  of  being 
opened.  In  use  the  box  would  bo  filled,  then  after  a  specified  length  of  time  turned 
with  the  side  carrying  the  bars  uppermost  and  opened,  when  it  would  be  found  whether 
the  concrete  kept  the  correct  form  of  the  mould.  He  suggests  that  two  boxes  should 
be  used,  and  that  the  Committee  should  consider — 

(a)  The  size  and  shape  of  the  boxes. 

(b)  The  time  before  the  first  box  is  to  be  opened  (minimum). 

(c)  The  time  before  the  first  box  is  to  be  opened  (maximum). 
id)  The  amount  of  ramming  (preferably  none). 

(e)  The  degree  of  fulness  of  the  boxes. 

24.  Finally,  a  correspondent  calls  attention  to  a  different  method  of  mixing 
concrete  which  he  advocates.  He  first  thoroughly  mixes  one  part  of  cement  with, 
say,  two  parts  of  verv  fine  clean  sand,  using  clean  water  enough  to  make  a  mixture 
of  the  consistency  of  thin  cream,  and  then  remixes  with  three  parts  of  wet  sand 
coarser  than  the  first.  This  total  mixture  of  1:5  is  then  mixed  with,  say,  five  parts 
of  broken  stone.  He  asserts  that  with  the  proportions  mentioned — namely,  i  :  10 — the 
same  strength  is  obtained  as  with  that  of  i  :  yh  concrete  of  the  usual  class. 

The  principle  of  the  method  is  the  obtaining  firstly  of  thorough  contact  of  the 
cement  with  every  grain  of  the  fine  sand,  which  is  rendered  certain  by  the  large 
proportion  of  the  cement  used,  thus  ensuring  that  every  grain  of  sand  is  completely 
enveloped  in  the  liquid  mixture.  A  mixture  of  this  consistency  is  well  calculated  in 
the  remixing  to  adhere  to  all  the  wetted  grains  of  the  coarser  sand,  which  will  take 
up  the  superfluous  cement  and  water  and  leave  only  that  which  sticks  to  the  surface 
of  the  grains  of  the  fine  sand.  He  thinks  that  the  fine  sand  mixture  will  thus  more 
nearly  fill  the  voids  of  the  coarser  sand  than  happens  in  the  usual  systems  of  mixing, 
where  many  grains  of  sand  get  washed  by  the  water,  while  in  other  parts  many  grains 
of  cement  are  found  stuck  together. 

For  a  stronger  concrete  the  mixture  would  possibly  be  i  part  of  cement  to  i|  parts 
fine  sand,  and  this  remixed  with,  say,  2^  parts  of  sand  and  3  parts  of  broken  stone. 
Another  mixture  would  be  i  part  of  cement  to  i  part  of  very  fine  sand;  this  remixed 
with  2  parts  medium  sand  and  again  remixed  with  3  parts  very  coarse  sand;  all 
finallv  remixed  with  5  parts  broken  stone  of  different  sizes. 

This  system  only  requires  about  the  same  amount  of  labour  as  the  common  one, 
because  the  liquid  mixture  is  small  in  bulk  and  quickly  made. 

DISCUSSION    OF   THE    ABOVE    REPORT. 

Mr.  R.  W.  Vawdrey.  A.M.lnst.C.E.,  Hon.  Sec.  of  the  Reinforced  Concrete  Practice  Standing 
Committee.— With  regard  to  this  report  he  pointed  out  that  the  procedure  adopted  was  for  the 
Secretary  of  the  Institute  to  issue  circular  letters  to  all  the  members  and  to  some  other  persons 
whose  opinions  were  thought  to  be  of  value,  asking  what  their  practice  and  advice  were  with 
regard  to  consistency— the  amount  of  water  which  should  be  added  to  concrete  in  both  massed 
concrete  and  reinforced  concrete  work. 

The  chief  difficulty  that  the  Committee  experienced  in  discussing  the  question  was  that 
of  describing  the  degree  of  wetness  or  dryness  required.     The  amount  of  water  to  be  mixed 
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with  the  concrete  could  possibly  be  define.l.  That  was,  he  thought,  universally  admitted;  to 
mention  a  percentage— so  much  per  cent.— of  water  as  a  general  specification  would  obviously 
he  absurd.  It  must  necessarily  vary  with  the  class  of  materials  used,  with  the  quality  of 
the  cement,  the  temperature  of  the  atmosphere  during  the  actual  process  of  mixing,  the  amount 
of  ramming  which  had  to  be  performed,  and  with  the  intricacy  of  the  work.  There  were  all 
.sorts  of  conditions  which  might  vary,  but  he  thought  it  would  be  possible  to  devise  some  easy 
method  of  describing  the  degree  of  plasticity  desirable  in  the  concrete  after  mixing.  That  was 
suggested  in  one  clause  of  the  Committee's  recommendations. 

The  Committee  was  very  much  divided  on  that  question.  A  good  many  seemed  to  consider 
that  it  would  be  cjuite  impossible  to  devise  any  such  scale  of  consistency,  and  that  even  if  that 
were  done  it  would  merely  lead  to  difficulties  on  the  part  of  the  contractor,  who  would  be 
expected  to  adhere  to  a  particular  scale  on  every  part  of  his  job — in  fact,  that  he  would  have 
a  lot  more  tests  to  pass.  But  that  was  not  his  view  at  all.  The  whole  object  of  such  a 
scale  of  consistency,  to  his  mind,  was  that,  if  an  engineer  or  an  architect  wanted  to  specify 
the  degree  of  wetness  or  the  consistency  of  the  concrete  in  one  part  of  a  building,  he  might  be 
able  to  do  so  easily.  He  might  be  able  to  say  that  in  the  beams,  or  any  particular  portion  of 
any  beam,  he  would  like  the  concrete  of  such  a  consistency. 

His  own  point  of  view,  therefore,  was  that  it  would  be  very  useful  for  the  Institute  to 
make  some  sort  of  tests  which  would  possibly  be  adopted  universally  as  a  means  of  describing 
the  consistency  wanted. 

Correspondent  No.  lo  remarked,  referring  to  the  ramming,  that  he  w'anted  very  light 
ramming  only.  I'ersonally,  he  did  not  agree  with  that  at  all.  Too  much  ramming  could  not 
be  clone,  and  the  objection  that  heavy  ramming  often  resulted  in  the  boards  springing  apart 
and  allowing  the  water  and  cement  to  ooze  through  the  joints  was  not  a  fault  of  the  ramming, 
but  a  fault  of  the  shuttering.  The  shuttering  should  be  so  constructed  that  it  could  take  proper 
ramming. 

Correspondent  Xo.  13  remarked  that  onl.v  concrete  mixed  with  a  small  aggregate,  and  on 
which  gentle  continuous  ramming  had  been  used,  would  quiver,  but  that  with  a  large  aggregate 
you  could  not  get  the  quivering.  He  entirely  disagreed.  In  a  large  mass  of  concrete  they 
certainly  could  get  the  quivering  condition  which  everybody  seemed  to  think  desirable,  even 
though  the  aggregate  was  very  big.  If  they  had  a  small  reinforced  concrete  beam  and  a  few 
big  stones  in  it,  they  would  not  get  any  quivering,  because  the  stones  would  wedge  themselves 
from  one  side  of  the  beam  to  the  other  ;  but  in  a  heavy  block  of  massed  concrete  they  would 
get  e.vactly  the  same  appearance  as  in  a  small  mass  of  verj^  much  finer  concrete. 

He  disagreed  entirely  with  Correspondent  Xo.  14,  who  said  he  objected  to  ramming.  He 
was  convinced  by  theory  and  practice,  and  in  every  other  way,  that  it  was  advantageous  in 
every  way  to  have  thorough  working  and  ramming  of  the  concrete  in  reinforced  concrete  work, 
and  in  mass  concrete  work  too. 

Correspondent  X'o.  24  raised  a  somewhat  different  point  from  that  mentioned  in  the  rest  of 
the  paper — namely,  the  proportioning  of  the  concrete;  but  it  was  so  very  important  that  they 
considered  it  worth  while  putting  it  in  this  paper.  He  agreed  entirely  with  his  remarks,  or 
with  the  idea  which  underlied  them,  which  was  that  ordinary  concrete  was  very  badly  propor- 
tioned. The  strength  of  concrete  obviously  depended  to  a  very  great  extent  on  the  strength 
of  the  mortar.  By  mortar  he  meant  the  fine  material  in  which  the  larger  portions  of  stone  were 
embedded  and  held  together.  An  ideal  concrete  would  be  one  in  which  there  would  be  no 
mortar  at  all,  or  practically  no  mortar.  He  was,  of  course,  exaggerating  now  intentionally. 
The  extreme  on  one  side  would  be  a  lot  of  particles  of  broken  stone  which  could  be  so 
accurately  fitted  together  that  there  were  no  voids  between  them,  or  practically  no  voids 
between  them.  That  might  be  obtained  if  a  large  number  of  regular  cubes  of  stone  were 
accurately  fitted  together.  The  amount  of  mortar  required  in  that  case  would  be  practically 
nil.  On  the  other  hand,  the  average  regular  stones — g  in.  stones — showed,  approximately,  50 
per  cent,  of  voids. 

The  cost  of  the  concrete  could  be  very  greatly  reduced  by  the  grading  of  the  aggregate, 
so  that  the  voids  were  very  small — the  total  amount  of  voids  was  very  small.  That  enabled 
the  amount  of  mortar  to  be  reduced;  and  it  was  quite  possible  to  have  a  concrete  consisting  of, 
say,  4  of  stone  and— instead  of  the  2  of  sand  and  1  of  cement  which  was  originally  specified — 
say  4  of  stone,  5  of  sand,  and  ^  of  cement.  He  had  actually  made  concrete  of  those  propor- 
tions which  had  been  quite  excellent;  but,  of  course,  that  was  dependent  entirely  on  the  fact 
that  they  could  obtain  an  aggregate  which  had  such  a  very  small  proportion  of  voids  as  those 
he  had  mentioned.  In  ordinary  practical  work  one  had  to  use  materials  that  could  be  easily 
obtained,  and  in  most  cases  it  was  certainly  a  fact  that  the  stone  which  one  got  would  have 
something  like  50  per  cent,  of  voids  in   it,    in  which  case  the  proportions  of  4  of  stone,   2  of 
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cement,  and  i  of  sand  were  about  right.  There  was  no  objection  to  greatly  decreasing  the 
proportions  of  sand  and  cement  if  the  amount  of  voids  was  decreased  by  proper  grading  and 
mixing  of  the  aggregate.  That,  he  thought,  was  the  principle  underlying  the  mixture  suggested 
by  Correspondent  24. 

With  regard  to  the  general  question  dealt  with  in  the  report — the  amount  of  water — he 
thought  the  general  opinion  of  the  majority  of  correspondents,  and  certainly  of  the  Committee, 
was  that  the  use  of  a  large  quantity  of  water  was  to  some  extent  a  necessary  evil  in  reinforced 
concrete  work.  With  massed  concrete,  in  which  voids  were  not  so  harmful  at  any  rate  as  they 
were  in  reinforced  concrete,  it  was  undoubtedly  possible  to  get  considerably  stronger  concrete 
in  its  early  stages  by  the  use  of  concrete  fairly  dry ;  but  in  reinforced  concrete,  although 
assuming  one  could  be  sure  that  no  voids  would  exist,  even  in  that  case  too  it  would  be 
advisable  to  use  the  concrete  as  dry  as  possible.  Vet  the  risks  of  voids  and  improper  contact  of 
the  steel  with  the  concrete  were  so  great  that  one  was  almost  driven  to  use  a  concrete  consider- 
ably wetter  than  would  otherwise  be  desirable,  and  in  many  cases,  such  as  the  junctions  of 
beams  and  columns,  where  there  was  necessarily  a  very  large  amount  of  reinforcement,  it  was 
practically  impossible  to  use  any  sort  of  concrete  otherwise  than  almost  grout — slurry,  as  one 
of  the  correspondents  called  it.  Although  one  might  be  forced,  in  spite  of  one's  wish,  to  use 
concrete  of  that  nature  in  certain  proportions,  at  any  rate  there  were  many  disadvantages 
besides  the  corresponding  weakness  of  the  concrete.  One  had  been  mentioned — that  was  the 
cracking.  It  did  appear  undoubtedly  the  case  that  the  wetter  the  concrete  was  when  it  was 
moulded  and  placed  in  position,  the  more  chances  there  were  of  contraction  during  the  process 
of  setting,  and  not  only  setting  but  during  the  process  of  maturing. 

In  his  own  experience,  quite  recentl\-,  he  had  a  case  in  which  contraction  had  obviously 
been  going  on  in  a  floor  of  considerable  area  for  three  or  four  years,  and  was  to  some  extent 
still  going  on.  The  amount  was  almost  infinitesimal,  but  undoubtedly  the  movement  of 
contraction  was  still  taking  place.  He  was  not  referring  to  a  temporary  contraction,  but  a 
permanent,  maturing  contraction,  and  he  thought  that  was  the  experience  of  members  of  the 
Committee. 

Mr.  S.  Bylander.—  lt  would  add  very  greatly  to  the  value  of  this  report  if  a  definite 
quantity  of  water  could  be  determined  for,  say,  London  practice  or  English  practice  for  the 
standard  concrete  now  accepted — i  cement,  2  sand,  and  4  crushed  gravel.  He  did  not  believe 
that  the  quantity  of  water  would  need  to  be  varied  so  very  much. 

Mr.  E.  P.  We/Zs.  —  With  regard  to  the  report  on  the  consistency  of  concrete,  it  was 
a  very  well-known  fact  that  the  drier  the  concrete,  and  the  more  it  was  rammed,  the  greater 
the  compressive  strength  ;  but  it  resolved  itself  purely  into  a  question  of  labour. 

With  regard  to  reinforced  work,  especially  if  there  were  a  number  of  small  members  within 
a  beam,  it  was  not  ad\isable  to  do  too  much  ramming.  If  the  mixture  were  made  too  dry, 
they  would  never  get  the  proper  adhesion  between  it  and  the  steel.  Therefore  it  was  advisable 
to  make  the  concrete  of  such  consistency  that  practically  when  it  was  in  a  heap  it  would  not 
run.  This  meant  that,  if  Thames  ballast  were  used  in  the  aggregate,  and  Thames  sand  for  the 
mortar,  about  75  to  g  per  cent.,  according  to  the  time  of  the  year,  was  the  moisture  required  to  be 
added  ;  but  if  bricks  were  used,  or  sandstones,  which  would  take  up  about  10  per  cent,  of 
water,  then  it  was  advisable  to  let  a  large  aggregate  take  up  all  the  water  that  it  would  contain 
before  it  was  mixed  wath  the  sand  and  cement,  which  ought  then  to  be  mixed  dry,  after  which 
about  6  to  7  per  cent,  of  water  was  all  that  was  necessary  to  give  an  absolutely  perfect 
consistency  to  the  concrete. 

With  regard  to  the  bricks,  it  was  an  absolute  necessity  to  wet  the  bricks  first  if  they 
required  to  get  a  really  good  homogeneous  concrete. 

With  reference  to  the  use  of  the  Fletton  bricks  in  concrete,  he  called  the  attention  of  every 
member  of  the  Concrete  Institute  to  the  great  danger  attending  their  use  in  the  making  of 
concrete.  Two  or  three  months  ago,  in  some  work  that  he  designed  for  a  gallery  to  a  church, 
within  a  fortnight  after  the  gallery  had  been  finished  it  started  to  blow  all  over  the  place,  and 
in  every  case  w-here  it  was  opened  out  it  was  found  to  be  a  piece  of  Fletton  brick.  Last  w-eek, 
at  the  meeting  of  the  Committee,  M«r.  Davies  showed  some  photographs  of  concrete  which  had 
been  made  of  Fletton  bricks,  and  within  one  week  after  it  had  blown  all  over  the  place  r.nd 
disrupted  the  concrete.  Tests  were  made  of  the  Fletton  brick,  and  in  that  way  w%as  found  an 
enormous  excess  of  sulphuric  anhvdride.  Altogether  it  was  over  17  per  cent.  There  was  no 
doubt,  now  that  Fletton  bricks  were  becoming  generally  used  in  London,  that  they  woijld  have 
to  be  verv  careful  if  brick  concrete  were  used  that  they  did  not  get  the  Fletton  bricks.  Me 
could  not' tell  the  age  of  the  bricks,  but  Mr.  Perkins,  the  District  Surveyor,  had  seen  a  heap 
of  Fletton  bricks  which  had  been  in  the  open  air   for  six  months  which  had  simply  crumbled 
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to  pieces  and  been  blown  and  disrupted  in  every  quarter.     A   foreman  of  works  had  also  said 
it  was  a  known  fact  that  Kletton  bricks  i)ut  into  concrete  would  always  blow. 

With  regard  to  concrete  made  in  the  slurry  condition,  it  made  an  enormous  dilTerencc  in 
the  strength.  In  one  specimen  which  was  made  with  nothing  better  than  slurry  he  found  it 
ran  all  over  the  place,  and  could  not  be  collected  at  all. 

If  they  wanted  a  cheap  concrete,  and  to  save  labour,  they  must  let  the  water  do  the  work. 
If  they  were  not  particular  as  to  labour,  and  could  spend  the  money,  then  lessen  the  water  and 
put  in  the  labour.  They  would  get  a  strength  in  seven  days  with  a  very  dry  mixture  which 
would  take  a  month  with  a  moderately  wet  one;  and  if  it  was  wanted  to  harden  quickly,  then 
the  drier  it  was  made  and  the  more  ramming  it  got  the  better,  especially  in  wet  weather. 

Mr.  D.  B.  Butler.  A.M.Inst.C.E.,  said  it  must  be  borne  in  mind  that  in  adding  water 
to  concrete  the  water  had  two  functions  to  perform.  The  first  was  the  chemical  function  of 
enabling  the  cement  to  set  and  to  conform  to  certain  conditions.  The  second  was  that  the 
water  acted  as  a  flux  which  enabled  the  various  constituents  of  concrete  to  flux  into  their  places 
when  they  were  rammed  or  shaken.  The  percentage  of  water  required  for  a  chemical  combina- 
tion was  probably  not  more  than  8  or  lo  per  cent.,  perhaps  not  so  much  as  that — 7  per  cent. 
On  the  other  hand,  if  insufficient  water  were  used  in  gauging  concrete  to  enable  this  flux  to  take 
place,  the  concrete  would  never  flux  in  its  proper  place. 

He  congratulated  the  Committee  on  their  common-sense  recommendations,  and  agreed  with 
them  on  No.  i,  that  it  was  inadvisable  to  lay  down  any  definite  rule  as  to  the  percentage  of 
water  that  should  be  used.  Some  time  ago  he  came  across  a  case  in  which  some  concrete  piles 
were  made,  and  an  attempt  was  made  to  gauge  the  concrete  too  dry  in  making  these  piles.  The 
pile,  when  it  was  driven,  fractured  and  split,  and  the  contractor,  of  course,  as  usual,  said  the 
cement  was  bad.  On  examination  of  this  pile  and  of  the  concrete,  it  was  found  that  the  concrete 
was  so  made  that  only  about  a  quarter,  or  perhaps  a  third,  was  in  contact  with  the  reinforce- 
ment, thereby  altogether  nullifying  the  idea  of  reinforcement. 

With  regard  to   Mr.   Wells's  remarks  about  the  great  difficulty  resulting   from   the  use  of 
Fletton  bricks,  he  really  did  not  quite  understand  how  there  could  be  17  per  cent,  of  sulphuric 
anhydride  in  the  bricks;   17  per  cent,   of  sulphuric  anhydride  would  correspond  to  somewhere 
about  25  per  cent,  or  more — 30  per  cent.,  perhaps — of  calcium  sulphate. 
Mr.  Wells:  225  per  cent,  of  calcium  sulphate. 

Mr.  Butler:  He  could  not  conceive  any  brick  standing  for  even  a  month  exposed  to  wet 
with  all  that  amount  of  calcium  sulphate  in  it. 

They  all  knew  that  calcium  sulphate,  or  plaster  of  Paris,  was  absolutely  non-hydraulic, 
and  went  to  pieces  in  water.  It  was  a  well-known  fact,  however,  that  if  there  were  mu  ii 
calcium  sulphate  in  the  aggregate  or  in  the  cement  it  would  cause  blowing,  and  he  had  more 
than  once  come  across  cases  in  which  old  plastering  had  been  used  in  making  the  aggregate  in 
walls,   and  it  had  caused  disintegration  of  the  concrete. 

Mr.  P.  H.  Fraser,  A.*?./.B./1.  — With  regard  to  the  consistency  of  concrete,  a  subject 
in  which  he  was  very  much  interested,  the  last  speaker  had  mentioned  piles  which  were  mixed 
too  dry.  He  had  a  case,  two  or  three  weeks  ago,  of  five  piles  which  were  wanted  in  a  great 
hurry.  They  were  mixed  very  dry.  When  he  approved  of  the  consistency  of  the  concrete  the 
contractor  was  quite  aghast.  He  said  :  "  It  looks  like  the  inside  of  a  Stilton  cheese,  and  I  am 
sure  it  will  fall  to  pieces."  These  piles  were  driven  in  twenty-six  days.  After  making,  the\- 
were  driven  with  a  30-cwt.  monkey  with  a  5-ft.  drop,  and,  although  the  heads  fractured 
rather,  there  was  not  the  slightest  appearance  of  fracture  at  any  part  of  the  pile  except  just 
under  the  head. 

The  word  "ramming"  presented  to  his  mind  the  action  of  striking  heavy  blows  with  a 
heavy  tool,  and  in  reinforced  concrete  he  thought  this  was  quite  wrong.  They  could  not  get 
that  artificial  strength  which  they  all  knew  concrete  got  which  had  consolidated  during  its 
setting.  They  could  not  get  that  by  ramming  ;  they  got  disruption  more  than  increased  strength. 
The  only  ramming  he  should  recognise  consisted  of  poking  with  an  iron  rod,  and  nothing  in 
the  shape  of  a  heavy  weight. 

He  was  very  strongly  in  favour  of  a  dry  concrete.  The  Committee,  although  they  did  not 
actually  uphold  wet  concrete,  seemed  to  imply  that  the  wetter  a  concrete  was,  within  certain 
limits,  the  better.  He  took  the  view  that  the  drier  it  was,  within  certain  limits,  the  better. 
The  moral  of  paragraphs  2,  4,  and  5,  with  regard  to  the  ordinary  strengths  of  wet  and  dry 
concretes  compared,  was  to  use  your  concrete  dry  and  get  your  ultimate  strength  as  soon  as  you 
could,  putting  on  one  side  the  fact  that  wet  concrete  would  never  get  the  same  eventual  strength 
as  a  dry  concrete;  and  where  the  reinforcement  was  particularly  complicated,  they  did  not 
get  over  that  complication  by  using  a  wet  concrete,  whereby  a  sort  of  mud  got  underneath  the 
bars  and  a  kind  of  mass  of  stones  got  on  top  of  the  rods.     They  wanted  to  use  a  fine  concrete 
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at  these  points  to  bring  it  down  to  quarter-inch  stuff,  or  half-inch  at  the  outside,  and  supervise 
at  those  points  as  much  as  they  could  supervise  and  see  that  they  were  properly  plumbed.  Or.e 
of  the  correspondents  inquired  whether  a  greater  amount  of  water  was  required  for  a  quick  or 
slow  setting  of  cement.  He  had  not  had  any  experience  of  that,  and  he  should  be  very  glad  if 
any  gentlemen  there  would  give  them  any  information  on  that  point. 

A  suggestion  was  put  forward  that  sand  and  cement  should  be  mixed  dry  and  then  wet, 
and  then  mixed  with  the  aggregate  later  on.  Anybody  who  had  seen  that  process  actually 
carried  out  would  bar  it  for  all  time.  It  was  a  most  painful  thing  to  watch  ;  it  cost  5s.  a  yard 
more  for  labour,  and  he  was  sure  the  result,  except  in  perhaps  one  or  two  very  elaborate 
mixing  machines,  must  be  very  bad. 

There  were  a  few  rough-and-ready  methods  of  telling  whether  the  consistency  of  concrete 
was  right.  If  they  loaded  concrete  into  a  barrow,  by  the  time  it  was  wheeled  into  its  place  it 
should  not  have  taken  a  horizontal  surface.  They  should  be  able  to  take  a  shovelful  of 
concrete  from  the  bank  and  hold  it  at  a  slight  angle,  and  it  should  show  no  signs  of  the  cement 
dropping  away.  Also  they  should  be  able  to  make  a  hole  in  the  concrete  in  the  barrow  which 
no  amount  of  ordinary  vibration  should  ever  quite  cause  to  fill  in. 

Mr.  Thomas  Potter  said  where  the  aggregate  was  of  one  kind  and  consistency  there 
was  obviously  no  difficulty  in  ascertaining  the  amount  of  water  required,  assuming  that  the 
aggregate  was  not  some  dry  and  some  wet.  In  the  ordinary  way  there  were  many  difficulties 
to  contend  with.  The  aggregate  might  be  of  a  porous  nature  and  absorb  a  good  deal  of  water, 
or  it  might  be  gravel  which  would  practically  absorb  none.  Then,  a  small  aggregate  required 
more  water  than  a  larger  one.  It  might  have  to  be  washed,  and  would  then  require  a  smaller 
amount  of  water  than  if  dried.    It  depended,  too,  upon  the  purpose  the  concrete  was  for. 

For  monolithic  walls  it  could  not  be  rammed  or  compressed  between  the  forms  to  much 
extent,  or  the  form  boards  might  be  pushed  out  of  place.  For  floors  it  could  be  beaten  or 
compressed.     As  a  result,  more  water  was  required  for  concrete  for  walls  than  for  floors. 

For  floor  purposes,  if  too  much  water  were  used,  it  came  to  the  surface  rapidly  when 
beaten  or  compressed,  and  cement  adhered  to  the  surface  of  the  beater.  Violent  beating  of  the 
concrete,  except  when  it  was  in  large  mass  form,  caused  the  water  and  cement  to  quickly  come 
to  the  surface,  which  was  avoided  if  the  impact  was  of  a  general  character  and  quickly 
performed. 

The  amount  of  water  necessary  was  very  difficult  to  standardise  for  general  practice. 
Generally  he  would  prefer  the  personal  equation  in  determining  the  amount,  assuming  a 
capable  man  directed  the  work. 

When  the  aggregate  had  to  be  washed  previous  to,  and  at  the  time  of,  use,  and  was  of  a 
non-absorbent  character,  but  containing  mud  or  clay,  as  gravel  from  sluggish  streams  or  pits 
where  it  contains  clay,  a  small  amount  of  water  was  necessary  for  mixing  purposes. 

Mr.  E.  Fiaader  Etcbells,  F. Phys. Sac.  —  On  page  2  of  the  report  it  was  said  that  the 
strength  of  concrete,  apart  from  an.\  reinforcement,  increased  as  the  amount  of  water  used  in 
mixing  decreased.  The  Committee  were  quite  right  in  not  building  anything  on  that  definition, 
because   it   was   so  obviously   inaccurate. 

He  had  tried  to  co-ordinate  the  views  of  all  the  correspondents  and  of  the  Committee. 
There  seemed  generally  in  the  minds  of  each  of  them  a  collective  idea  as  to  what  the 
consistency  should  be,  and  the  difference  appeared  largely  to  be  in  the  matter  of  words. 
Therefore,  he  suggested  the  following  for  consideration  :  "  For  reinforced  concrete  the  amount 
of  water  to  be  added  should  be  sufficient,  but  not  more  than  sufficient,  to  produce  a  plastic  and 
quivering  mass  which  will  tremble  and  exude  a  small  amount  of  water  after  tamping." 

The  Chairman  (Mr.  F.  E.  Wentwortb  -  Sbellds). — The  second  .sentence  in  the  specification 
which  apparently  had  received  the  Committee's  blessing  did  not  seem  to  him  to  convey  anything 
at  all.  It  said  that  the  quantity  of  water  should  be  such  that  the  plastic  mixture  was  capable 
of  being  rammed  into  all  parts  of  the  moulds  and  between  the  bars  of  the  reinforcement. 
That  rather  reminded  him  of  an  old  foreman  to  whom  he  propounded  the  question,  what  was 
the  correct  quantity  of  water  to  use  in  concrete,  and  he  replied,  in  a  very  serious  and  thoughtful 
manner,  "Well,  sir,  the  great  thmg  is  not  to  put  too  little  and  not  to  put  too  much,"  and  he 
seemed  to  think  that  had  solved  the  matter.  Perhaps  they  could  have  a  definition  which  would 
settle  the  question  a  little  more  closely. 

Mr.  R.  W.  Vawdrey,  A.M.I.C.E.,  replying  to  the  discussion,  thought  every  member  of 
the  Committee  would  be  inclined  to  agree  with  the  Chairman's  criticism.  The  attempt  to 
answer  the  question  as  to  how  wet  the  concrete  should  be  had,  of  course,  failed.  That  they 
must  admit.  His  own  view  was  that  some  sort  of  scale  of  consistency  should  be  evolved,  if 
possible,  by  the  Institute  which  would  make  it  possible  to  refer  to  a  particular  degree  of 
consistency  of  the  concrete.  The  general  feeling  was  that  wetness  of  concrete  was  an  evil,  but 
in  some  cases  it  might  be  a  necessarv  one. 
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The  foUoiving  examples  of  reinforced  concrete  bridges  in  the  United  States  are  striking 
testimony  to  the  rapid  development  of  that  material  for  bridge  construction.  — ED, 


REINFORCED    CONCRETE    BRIDGE    OVER    THE    MERRIMAC    RIVER. 

NEW    HAMPSHIRE.    U.S.A. 

Bridge  built  under  difficult  conditions. 

The  reinforced  concrete  bridf^e  over  the  Merrimac  River  described  in  this  article  was 
built  to  replace  an  old  iron  brids^e  which,  while  in  fairlv  good  condition  as  to  the  metal 
in  the  trusses,  did  not  jkjsscss  the  requisite  strength  in  the  floor  and  details  for 
modern  loadings. 

The  old  iron  structure  having  been  condemned  as  unsafe,  a  committee  was  formed 
with  authority  to  build  a  new  bridge.     Plans  and  specifications  were  at  first  proposed 
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\iew  of  the  new  Bridge,  showing  poriions  of  the  old  Piers. 
Reiniorced  Concrkte  Bridge  over  the  Mkrrimac  River,  New  Hampshire,  U.S.A. 
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w  steel  bridi^p,  makinir  use  of  one  of  the  old  piers  and  abutments.     After  much 

discussion  this  plan  was 
abandoned,       as       the 
voters  of  the  town  took 
a  strong  stand  against  a 
new  steel  bridge,   argu- 
ing   that,     as    the     old 
structure  had  only  lasted 
twenty-eight     years,     it 
was    poor    economy    to 
build  a  new  one  of  the 
same  material.      It  was 
finally   decided   to   erect 
a      reinforced     concrete 
bridge',  and  Mr.  W.   M. 
Denman,      Consulting 
Engineer,  of  Springfield, 
Mass.,      U.S.A.,      was 
commissioned     to     pre- 
pare plans  and  specifica- 
tions,    and    these    were 
finally     accepted.       The 
following  particulars    of 
the      work     are     taken 
from   an   article   in    En- 
gineering Record  by  Mr. 
Denman. 

When  the  repiaciuj; 
of   the   old    bridge   with 
a    new    steel    structure 
\v  a  s     contemplated      it 
had     been     intended     to 
build  a  temporary  bridge 
on   piles,    but    by   using 
concrete   arches    it    was 
possible      to      maintain 
traffic  on  the  old  bridge 
while   building  the  new 
one    underneath.      This 
was    rather    difficult    as 
the  grade    of   the   road- 
way of  the   new  bridge 
w  a  s     required     to     be 
elevated  4  ft.  above  the 
road  level  of  the  old  iron 
structure. 

The  old   iron  spans 
were  150,  168  and  170  ft. 
long,     with     an      i8-ft. 
roadway  and   one    foot- 
deep,  made  of  the  lightest 
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path.     The  portal  struts  were  very  light,   being  only   iS-in. 
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anj^los  and  lacinj^  bars.  In  ordtr  to  biiiki  the  new  bridge  under  it,  it  was  necessary  lo 
raise  the  old  spans,  and  the  light  portal  struts  made  this  a  very  difficult  undertaking. 
The  initldle  span  wa^  laiscd  7  ft.  alio\c  its  original  grade,  and  the  shore  ends  were  put 
up  5  ft.  The  struts,  howrvcr,  began  to  buckle,  and  the  bearings  of  the  end-posts 
displayed  a  tendency  to  work  out  of  line  befcjre  the  spans  were  half-way  up.  The 
light  struts  were  slilfineii  by  einixdding  theni  in  concrete.  Forms  were  built  about 
them  and  concrete  |)oured,  while  the  trallic  [)assed  continuously  over  the  structure 
causing  heavy  vibration   of  all  members.     Nevertheless  the  concrete  set  perfectly. 

One  abutment  for  the  nc  w  bridge  rested  on  rock  just  within  the  old  abutment, 
which  is  used  as  backing  to  resist  the  thrust.  It  was  found  necessary  to  under|)in 
this  abutment    in  sections  with  concrete. 

Two  of  the  piers  also  rest  on  rock  at  4  ft.  to  6  ft.  below  low  water.  The  two 
other  piers  are  on  piles  in   10  ft.  to   15,  ft.  of  water. 

Tht'  piers  o(  the  new  bridge  were  so  sjiac-ed  as  to  ])ermil  of  their  construction 
without  interfering  with  the  old  |)iers.  The  arches  of  the  new  spans  necessarily 
passed  through  the  spaces  Ixtween  the  lops  of  the  old  piers  and  the  old  truss  bridge. 
This  was  done  by  boxing  in  the  4-ft.  by  4-ft.  columns  of  blocking  under  each  end-post 
and  concreting  the  arch  ring  around  the  box,  diverting  the  steel  reinforcement  at  that 
point,  .\fter  the  arches  had  hardened,  the  fill  was  made  and  the  old  bridge  let  down 
on  the  new,  so  that  it  could  be  dismantU'd  and  removed.  The  columns  of  blocking 
were  taken  out   and  the  holes  plugged  with  concrete. 

The  new  bridge  has  s[)ans  of  SS  ft.,  94  ft.  and  100  ft.  The  roadway  is  30  ft. 
wide  in  the  clear,  and  the  footpath  is  0  ft.  wide. 

The  exterior  surface  of  the  concrete  was  finished  by  rubbing  the  arch  ring, 
coping  and  balustrade,  the  intervening  .spaces  being  either  brushed  or  dressed  by 
pneumatic  tool. 


View  sliowins  Reinforcement  for  Floor  of  Bridge. 
Rkiniorced  Conxrete  Arck  Brii>ge  near  Cincinnati,  U.S.A. 

REINFORCED    CONCRETE   ARCH    BRIDGE    NEAR    CINCINNATI,    U.S.A. 

This  bridge  was  erected  by  the  Hamilton  County  Commissioners,  whose  policy  it  is  to 
rebuild  bridges  in  the  county  of  reinforced  concrete  as  fast  as  the  old  ones  of  wood 
and  iron  become  unfit  for  use.  It  is  situated  about  eight  miles  north  of  Cincinnati, 
and  carries  Benson  Street,  the  main  thoroughfare  between  the  villages  of  Readin-^ 
and  Lockland,  Ohio. 
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The  construction  of  the  new  bridge  was  described  by  Mr.  E.  A.  East,  Deputy 
County  Surveyor,  HamiUon  County,  Cincinnati,  Ohio,  in  our  contemporary  Engineer- 
ing Ne^vs,  from 
which  article  the 
following  particu- 
lars are  taken. 

In  looking  over 
the  site  of  the 
bridge  it  was  found 
that  the  present 
waterway  opening 
must  be  preserved, 
on  account  of  the 
large  amount  of 
water  coming 
through  the  creek 
at  flood  periods. 
This  fact  prevented 
the  use  of  any  of 
the  usual  types  of 
arch  bridges. 

The  bridge  con- 
sists of  two  hinge- 
less  reinforced  con- 
crete arch  ribs, 
built  entirely  above 
the  roadway,  the 
thrust  being  cared 
for  by  tension  steel 
in  the  plans  of  the 
floor  tied  thor- 
oughlv  around  the 
steel  in  the  ribs. 
The  roadway  is 
suspended  from  the 
ribs  by  nine  hangers 
of  reinforced  con- 
crete, the  steel  rods, 
hooked  around  rib 
reinforce- 
ments above  and 
floor  rods  below, 
taking  all  the 
stress.  This  par- 
ticular type  of  arch 
was  developed  be- 
cause in  the  pre 
liminary  studies  it 
was  found  that  the 

old  masonry  abutments  were  in  such  good  condition  and  of  such  size  as  to  make  them 
amply  able  to  take  the  load  of  the  new  bridge,  provided  the  weight  could  be  distributed 
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unifi)rmly  over  tlicir  widtli.  The  tictl  arch  causes  only  vertical  load  (ii  the  abutments, 
<nul  lo  distribute  this  vertical  l<)a<l  tb.e  heavy  transverse  he.ams  below  the  arch  ends 
were   desitlnetl. 

The  arch  rii)s  are  ;,  ft.  wide  at  the  sprinj^inij  line  and  3  ft.  wide  at  the  crown. 
Thev  are  4  ft.  10  in.  deep  at  the  .sprinj*inf«  line  and  3  ft.  (>  in.  at  t!ie  crown,  with  a 
unifornilv  dccreasinj^  section  from  the  spring'  to  crown.  'Ilie  lloor  i>  of  slab  and 
transverse  girder  design  with  cantilever  sidewalks,  each  girder  being  attached  to  two 
transversely  opposite  hangers.  These  cantilevers  give  a  total  width  of  50  ft.  to  the 
bridge,  although  the  abutments  are  only  36  ft.  wide. 

No  provision  was  made  for  a  movement  at  the  abutments  due  to  temperature 
changes,  and  the  transverse  beams  at  the  abutment  were  laid  dir(.-ctly  upon  the  old 
masonry.  The  arch  ribs,  however,  were  designed  to  care  for  all  temperature  stresses. 
Although  the  bridge  has  now  experienced  some  of  the  hottest  as  well  as  coldest  weather 
of  this  climate  not  a  single  crack  has  developed. 

The  wind  bracing,  and  also  the  long  column  effect  in  the  arches,  is  taken  care  of 
by  the  hangers,  the  steel  in  these  hangers  being  placed  near  the  short  sides  to  reinforce 
them  for  this  purpose.  It  was  found  that  there  is  a  very  large  horizontal  shear  in  the 
arch  rib  at  the  haunches  ec|uai  to  the  total  horizontal  thrust.  This  shear  lies  in  a 
horizontal  plane  just  above  the  tension  reinforcement,  and  must  be  thoroughly  taken 
care  of.  This  shear  does  not  appear  in  arches  where  the  thrust  is  taken  by  solid 
masonry   foundations. 

The  bridge  is  designed  to  carrv  two  40-ton  street  cars.  The  maximum  stresses 
allowed  were  16,000  lbs.  ])er  sq.  in.  for  steel  and  600  lbs.  per  sq.  in.  for  concrete  in 
compression. 

A  novel  plan  was  decided  upon  in  erection.  The  floor  and  haunches  of  the  arches 
were  built  on  a  heavy  centering,  then  the  hangers  were  erected  and  cast  in  concrete, 
and  finally  the  arches  were  built  in  place.  On  account  of  this  method  of  construction 
it  was  necessary  to  build  very  heavy  centering. 

The  concrete  for  the  floor  was  poured  in  sections.  Each  girder  and  its  slab  extending 
halfwav  lo  the  next  girder  on  each  side  was  cast  monolithic  in  order  to  obtain  the 
T  beam   effect. 

After  the  entire  lloor  was  finished  the  steel  for  the  hangers  was  erected,  forms 
built  around  it,  and  the  concrete  ])oured.  This  gave  a  rigid  support  for  the  building 
>t)f   the   arch    forms. 

The  reinforcing  was  entirely  of  cold  twisted  steel,  the  bending  all  being  done  on 
the  site.  Considerable  trouble  was  experienced  in  trying  to  place  the  steel  in  the 
girders  owing  to  their  depth ;  this,  however,  was  overcome  by  assembling  the  steel 
frame  and  wiring  it  thoroughly  together  above  the  girder  form,  and  then  lowering  it 
into  place  with  block  and  tackle.  The  remainder  of  the  reinforcing  offered  very  little 
resistance  to  rapid  placing. 

The  lampposts  are  of  concrete  cast  in  place,  the  wiring  being  placed  in  loricated 
iron   tubing  concealed    in    the  concrete. 

REINFORCED    CONCRETE    BRIDGE    IN    CALIFORNIA.    BUILT    IN    SECTIONS 
ON    GROUND    AND    ELEVATED    TO    POSITION. 

The  Young  Construction  ("omi)any  of  Los  Angeles  has  recently  comi:)letcd  a  700-ft. 
reinforced  concrete  bridge  of  three  huge  arches  over  the  San  Luis  Rey  River  at  Ocean- 
side,    California. 

A  unique  feature  of  the  bridge  here  illustrated  lies  in  the  fact  that  all  its  several 
members  were  built  on  the  ground,  where  they  were  left  until  the  concrete  was 
sufficiently  set  and  then  hoistc-d  into  position.  The  arch  ribs  were  poured  in  two 
sections  and  the  spandrel  posts  cast  separately.  After  these  were  put  in  place  on 
piers  and  abutments  the  forms  were  bolted  in  place  for  the  deck.  By  this  method 
the  excessive  cost  of  falsework  was  saved. 
I  -^6 
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The  San  Luis  Rev  bridge  is  the  second  of  its   kind  erected  in  the  State,  the  first 
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one  having   been   built   over  three  years  ago  at   Santa   Cruz  bv   the  same    engineers. 


SOME  AMERICAN   BRIDGES.  [CONCRETE] 

The  San  Dicj^o  County  briilyc,  however,  incorporates  later  developments  and  im- 
provements in  desif«n  and  method  of  construction.  It  was  desirjned  on  the  Thomas 
system,  on  \\lii(h  |)alcnls  have  been  secLir(  d  by  Mr.  W.  M.  'Ihomas,  C.E.,  of  Los 
.Xni^eles. 

The  liridi^c  was  designed  lo  iarr\'  a  lo.'id  of  J50  ll)s.  to  the  st|.  fl.  It  consists  of 
si.\  s|)ans,  four  of  \\  liicii  arc  103  ft.  in  leni^th,  the  two  i-n(.\  sj)ans  ix'in.t;  107  ft.  The 
brid}4e  i^  i()-.|  fi.  in  widlli  oNcr  all,  wilh  iS  ft.  roadway.  The  foundation  for  pic  r> 
and  abutments  consists  of  thirty  piles  to  each  pier  and  abutment,  the  j)iles  beinj4  cut 
off  2  fl.  below  mean  low  tide,  the  foundations  thus  e.xtendini^  dow  n  aliout  35  ft.  below 
the  river  bed.  I{ach  |)ile  wa-;  calculated  to  sustain  a  17-ton  load.  The  foundations 
()*'  piers  are  12  ft.  in  width  and  2h  ft.  in  lentfth.  The  concri-te  used  in  piers  and  abut- 
ments was  1:3:  (1.  Thi  re  is  no  reinforcement  in  piers.  In  the  arch  ribs  the  concrete 
af4j*re.i.*ate  wa>  1:2:5,  'iC'it'h  gravel  also  being  used.  The  arch  ribs  were  made  on 
the  ijround  under  the  respective  positions  which  thev  were  later  to  occupy  in  the 
comph'ted  structure.  These  arch  ribs  or  beams  are  i  i  fl.  on  centres,  and  are  reinforced 
with  a  steel  framework  consistinff  of  twelve  f-in.  round  rods  and  -|-  x  i4-;n.  flats,  the 
reinforcint*  bcini,'  connected  at  the  crown  end  of  the  beam  to  cylindrical  plates  of  steel 
havin_i;  a  l)all  joint  mated  into  a  cup  in  the  opposite  beam,  the  semi-spherical  protuber- 
ances. .\t  ih,'  reverse  end  of  the  beam  are  i-in.  semi-circular  plates  forming* 
portions  of  the  hinj^es  at  skew-back  on  the  piers.  The  hinge  shoe  on  piers  consists 
of  i-in.  bolts,  the  rods  extending  deep  into  the  ccncrete. 

The  spandrel  posts,  also  made  separately  on  the  ground,  were  poured  in  12  x  i6-in. 
sections,  the  concrete  aggregate  being  the  same  as  in  the  arch  ribs,  that  is  1:2:5. 
The  longer  posts  are  reinforced  with  four  |-in.  round  rods;  the  shorter  posts  have 
four  ^-in.  rods.  These  rods  were  left  protruding  from  the  sides,  top,  and  bottom  of 
the  posts.  The  rods  extending  from  the  top  form  a  tie  lo  connect  the  spandrel  arches 
with  the  spandrel  posts;  the  rods  protruding  from  the  bottom  have  a  thread,  and 
they  extend  through  the  rack  beam  and  bolt  the  spandrel  post  to  the  beam  ;  the  rods 
extending  tlirough  the  sides  of  the  beam  are  embedded  in  diaphragm  cross  braces  and 
hold   the   jiosis   to   a   rigid   position. 

Holes  are  left  in  the  spandrel  posts  and  the  wooden  centering  for  spandrel  arches 
to  provide  means  for  lirmly  bolting  the  floor  supports  to  the  spandrel  posts;  the 
monolithic  concrete  deck  was  then  poured  in  the  u.sual  manner.  The  floor  was  rein- 
forced with  |-in.  round  rods  running  transversely  across  the  bridge,  and  the  outside 
cantilever  portion  of  the  floor  has  rods  running  longitudinally  6  in.  on  centres. 

CONCKETE  ARCH  BRIDGE  FOR  THE  BESSEMER  AND  LAKE  ERIE 
RAILROAD  CO.,  U.S.A. 

Till-:  increase  in  the  weight  of  moii\e  ])Ower  has  augmented  the  standard  loading  on 
the  Hessemer  and  l-ake  Erie  Railroad,  and  a  second  track  has  been  construc.ted,  or 
is  ur.d.r  construction,  o\er  the  entire  road,  and  wherever  practicable  concrete  arches 
are  jjcing  usetl  to  re|ilace  steel  \iaducts.  The  construction  of  this  second  track  was 
the  reason  for  building  the  concrete  arch  spans  at  Rural  Ridge  Station  described 
below.  The  concrete  masonry  wt)rk  was  designed  and  built  under  the  direction  of 
Mr.  11.  r.  Porter,  chief  engineer  of  the  Bessemer  and  Lake  Erie  Railroad 
Comijanv,  and  the  T.  .\.  (iillesi)ie  Company  of  New  York  and  Pittsburg  were  the 
contractors. 

The  original  steel  structure  was  240  ft.  long,  consisting  of  three  60-ft.  girder 
soans  carried   on   the  abutments  and  two    intermediate   steel  towers. 

The  arches  are  semi-circular,  of  2h  ft.  span,  carried  on  side  walls  rising  5  ft. 
abo\e   the   foundations.      L'pstream    are   three    straight   wing    walls    24^   ft.    long,    the 
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straight  walh  being  adopted  to  facilitate  future  increases  in  length.  There  is  nc 
reinforcement,  and  the  arch  is  2  ft.  3  in.  thick  at  the  crown.  The  foundations,  8  ft. 
wide  for  the  centre  pier  and  8  ft.  7  in.  for  the  abutments,  were  carried  down  to  rock, 
giving  a  depth  of  10  ft.     The  total  amount  of  concrete  was  3,284  cu.  }d. 


Before  work  was  started  a  temporary  highway  was  opened  north  of  the  site,  and 
a  temporary  creek  channel  was  dug  where  necessary  to  the  south.  The  arches  were 
then  built  in  three  sections  and  completed,   with  the  exception  of  the  south  wing  wall 
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RECENT  VIEWS  ON 
CONCRETE  AND  REIN. 
FORCED       CONCRETE. 


SOME  PAPERS  &  DISCUSSIONS. 


//  15  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method  Tue  are  adopting,  of  dividing  the  subjects  into  sections,  is,  tve  believe,  a 
neiv  departure.— ED. 

INSTITUTION  OF  CIVIL  ENGINEERS. 

REINFORCED  CONCRETE  WHARVES  &  WAREHOUSES 
AT  LOWER  POOTUNG,  SHANGHAI. 

Paper  by  MR.  S.   H.  ELLIS,  M.Inst.C.E. 

I  HE  author  described  works  recently  constructed,  under  his  supervision,  beside  the 
Whang-Poo  River,  near  Shanghai,  in  North  China.  These  comprised  a  reinforced 
concrete  piled  wharf,  i,i6o  ft.  long  by  174  ft.  wide,  with  a  minimum  depth  of  21  ft. 
of  water  at  its  face;  a  reinforced  concrete  quay  wall,  495  ft.  long  and  21  ft.  high;  and 
two  reinforced  concrete  four-story  warehouses,  each  300  ft.  by  100  ft.  in  lloor  area; 
as  well  as  offices  and  staff-quarters,  sheds  for  temporary  storage  of  goods,  and  a 
power  and  light  installation. 

The  question  of  foundations  was  dealt  with  at  some  length  in  the  paper,  the  site 
consisting  of  river-deposited  silt  to  an  unexplored  depth.  The  wharves  and  lighter 
buildings  were  founded  on  groups  of  reinforced  concrete  piles.  The  warehouses  rested 
on  a  raft  of  reinforced  concrete  (girders,  beams,  and  foundation-slab),  connecting  the 
column-bases  with  a  grill  4  ft.  6  in.  to  5  ft.  deep. 

VV/iar/. — The  piers  of  the  wharf  are  15  in.  square  and  spaced  15  ft.  from  centre 
to  centre  in  each  direction  ;  each  is  supported  on  a  group  of  four  14-in.  piles.  Girders 
run  across  the  wharf  from  side  to  side  over  each  row  of  piles  and  support  a  system 
of  cross-beams  spaced  5  ft.  apart  between  centres,  and  a  continuous  reinforced  concrete 
deck  5  in.  thick.  The  pier-bases  are  connected  both  longitudinally  and  transversely 
by  horizontal  members,  the  wharf  being  further  stiffened  by  a  svstem  of  diagonal 
bracing  from  front  to  back  at  each  row  of  piers,  and  also  longitudinally  for  the  last 
two  bays  at  each  end. 

Over  the  greater  part  of  its  length  the  wharf  is  covered  in  up  to  52  ft.  from  the 
face  by  sheds  of  steel  and  corrugated  iron,  the  piers  which  carry  the  stanchions  for 
these  being  borne  by  a  large  number  of  piles.  In  line  with  the  front  of  ihe  shed  a 
wall  of  reinforced  concrete  sheet  piles  is  provided  throughout  the  length  of  the  wharf, 
and  is  continued  upwards  to  above  high-water  level  by  a  curtain  of  reinforced  concrete 
slabs  ;   this  acts  as  a  retaining-wall  to  the  silt. 

The  piles,  of  which  there  were  4,000,  were  moulded  in  a  horizontal  position.  With 
the  exception  of  the  pile-caps,  beams,  and  deck,  all  (he  wharf  members  were  moulded 
on  shore,  thereby  avoiding  for  the  most  part  the  operation  of  concreting  below  high- 
water  level. 

The  most  favourable  anticipations  have  so  far  been  realised  by  the  behaviour  of 
the  wharf  in  practice,  when  it  has  been  subjected  to  the  test  of  having  considerably 
more  than  the  estimated  maximum  load  stacked  upon  it  locally,  without  any  appreciable 
settlement  in  the  superstructure. 

Quay  Wall, — The  quay  wall,  495  ft.  in  length,  was  constructed  of  concrete 
throughout.     It  was  founded  on  cross  rows  of  three   12-in.  square  piles,  of  which  the 
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front  row  served  as  king-piles  to  a  continuous  line   of  sheet  piles  which    formed  the 
face  of  the  wall  to  a  height  of  12   ft.  below  quay-level.     The  heads  of  the  piles  were, 
connected  by  a  deck  14  ft.  wide,  above  which   the  wall  consisted  of   a  nearly  vertical 
slab  tied  back  to  the  deck  by  a  series  of  triangular  counterforts. 

Warehouses  and  Office  Buildings. — Each  floor  of  the  warehouses  was  designed 
to  carry  a  superficial  load  of  500  lb.  per  sq.  ft.  throughout  its  area.  The  entire 
structure  was  of  reinforced  concrete,  except  the  panel  walls,  which  were  of  briikwork 
15  in.  thick. 

The  foundations  of  the  oftice  buildings  were  carried  on  piling,  a  maximum  load 
of  II  tons  per  pile,  as  in  the  wharf,  being  allowed. 

Concrete.  —The  concrete  throughout  was  composed  of  i  part  Portland  cement, 
2  parts  sand,  and  4  parts  beach-gravel,  except  for  the  foundations  of  the  buildings, 
where  the  proportions  were  i  :  2^  :  5.  In  all  cases  the  cement  was  tested  on  the 
site  for  tensile  strength,  etc.,  according  to  the  British  Standard  Specification. 

Reinforcement. — The  greater  part  of  the  steel  in  the  reinforcement  was  in  the 
form  of  plain  round  bars  and  wire  ties.  Expanded  metal  of  \  in.  by  ts  in.  section, 
and  with  a  mesh  3  in.  across,  was  used  for  all  floors  of  buildings  and  for  the  deck  of 
the  wharf.  The  steel  was  specified  to  be  capable  of  bearing  a  tensile  stress  of  between 
60,000  lb.  and  70,000  lb.  per  sq.  in. 

The  interior  first-floor  columns  were  designed  to  carry  a  lua.xiiv.mu  load  of  376  tons. 
They  were  octagonal  in  section,  and  the  25-in.  vertical  bars  were  kept  in  place  bv  a 
series  of  inner  circular  bands  to  which  the  vertical  rods  were  fastened  by  means  of 
U  bolts.  The  outer  hooping  was  a  continuous  rod  ^  in.  in  diameter,  wound  spirally 
with  a  pitch  of  2f  in.  The  second  and  third  floor  interior  columns  were  of  similar 
design,  but  of  lighter  section  and  reinforcement.  The  roof  columns  were  of  ordinarv 
rectangular  section,  with  wire  ties  6  in.  apart. 

All  exterior  columns  above  the  first  floor  were  reinforced  by  tlie  latter  method, 
continuous  spiral  winding,  with  its  accompanying  high  unit  stress  on  the  concrete 
confined  within  it,  being  necessary  only  below  that  level.  The  interior  columns  of  the 
first  three  floors  were  protected  from  accidental  injury  by  being  encased  in  g-in.  steel 
plates  up  to  a  height  of  6  ft.  The  roof  columns  were  fitted  with  angle  bars  at  the 
corners  for  the  same  purpose.  All  steel  was  covered  with  i^  in.  of  concrete,  except 
in  the  case  of  floors,  where  this  dimension  was  reduced  to  i  in.  In  structural  membe/s 
e.xposed  to  the  weather  a  cover  of  2  in.  was  given  in  almost  all  instances.  The  absence 
of  rust  marks  on  the  concrete  suriace  of  the  wharf,  and  the  fact  that  wherever  bared 
the  steel  was  clean,  seemed  to  show  that  this  coating  of  good  dense  concrete  was  an 
efl"ective  preventive  of  corrosion,  even  when  the  structure  was  alternately  wet  and  dry. 

Special  care  was  taken,  both  in  designing  the  systems  of  reinforcement  and  in 
preparing  the  steel  skeletons,  to  ensure  that  all  steelwork  was  rigidly  fastened  together 
and  in  its  proper  position  with  reference  to  the  moulds  before  concreting  was  started, 
and  that  no  loose  parts  were  omitted  by  accident  or  knocked  out  of  place  during  the 
process  of  ramming  the  concrete.  With  this  end  in  view  the  wharf  girders,  which  ran 
across  the  structure  every  15  ft.,  were  reinforced  with  what  was  in  effect  a  pair  of 
light  skeleton  girders,  built  up  of  2^-in.  angle  bars  at  the  top  and  of  2^-in.  by  |-in.  flat 
bars  at  the  bottom,  shear  members  being  riveted  to  them. 

A  corresponding  system  of  rigidly  fixed  shear  members  was  obtained  in  the  wharf 
deck  beams  by  the'adoption  of  double  Kahn  bars,  4-8  lb.  per  lin.  ft.,  in  conjunction 
with  a  single  round  bar  at  the  top  and  bottom.  In  the  more  heavily  loaded  beams  and 
girders  of  "the  warehouses  nothing  but  plain  round  bars  and  wire  ties  were  used.  The 
greater  part  of  the  shearing  stress  was  taken  up  by  the  tension  bars,  which  were  bent 
iip  at  intervals  to  pass  along  the  top  of  the  member  over  the  points  of  support.  In 
order  to  resist  the  remaining  shear,  to  confine  the  concrete,  and  also  to  link  together 
the  main  reinforcement,  three  Vows  of  stirrups  were  employed.  These  were  made  of 
two  wires,  either  i  in.  or  A  in.  in  diameter,  twisted  together,  with  their  free  ends 
clenched  tightly  round  the  longitudinal  bars  at  top  and  bottom.  The  sets  of  bars  were 
tied  together  horizontallv  with  wire  links,  and  the  whole  skeleton  was  tightened  and 
stiffened  by  struts  1  in. 'in  diameter  at  intervals  of  3  ft.  to  5  ft.,  which  converted  the 
bars  and  ties  into  a  rigid  framework. 

The  author  was  engineer,  in  company  with  Messrs.  Davies  &■  Thomas,  architects, 
of  Shanghai.     The  contractors  were  Messrs.  Vering,  of  Hamburg. 
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AT    HOME    AND    ABROAD, 

Under  this  heading  reliable  information  ivill  be  presented  of  neiu  "works  in  course  of 
construction  or  completed,  and  the  examples  selected  tvill  be  from  all  parts  of  the  "world. 
It  is  not  the  intention  to  describe  these  "works  in  detail,  but  rather  to  indicate  their  existence 
and  illusirale  their  primary  features,  at  the  most  explaining  the  idea  "which  served  as  a  basis 
for  the  design. — ED. 


FOUNDATIONS   FOR   HOVIS   MILLS,  VAUXHALL  BRIDGE  ROAD,  LONDON. 

The  ground  ;il  llic  site  of  llir  new  llo\is  Mills,  \  .luxhall  Hridgc  Road,  London,  being 
rather  unreliable,  the  c|uestion  arose  of  a  suitable  foundation,  earried  down  to  the 
deeper  firm   strata  of  hard  ballast. 

Three  methods  of  constructing  the  foundations  were  considered — viz.,  a  reinforced 
concrete  raft,  timber  piling,  and  C.P.  (cast  in  place)  concrete  piles. 

The  last  method  proved  in  this  case  the  most  economical  and  the  speediest,  and 
had  also  the  advantage  that  the  rather  uncertain  lengths  of  the  piles  required  did  not 
affect  it,  as  under  the  system  of  C.P.  concrete  piles  used  each  pile  is  constructed  just 
of  the  length  required  in  each  case. 

At  the  part  of  the  building  facing  the  river  the  piling  could  not  be  brought  up 
close  to  the  front  on  account  of  the  present  quay  wall,  and  the  front  end  of  this 
building  had  therefore  to  be  carried  on  hea\y  reinforced  cantilevers,  as  shown  in  the 
drawing  on  this  page. 

At  the  opposite  end  of  the  buildings  the  warehouse  is  built  close  against  some 
rather  old  buildings,  and  some  difficulty  was  anticipated  in  piling  so  close  up  to  the 
existing  walls,  but  the  work  was  carried  through  without  the  slightest  trouble, 
although  some  of  the  piles  were  within  only  9  in.  of  the  existing  walls. 

The  piles  varied  in  length  from  17  ft.  to  33  ft.,  and  were  all  reinforced  with  a 
steel  joist  or  with  a  cage  of  six  J-in.  diameter  steel  bars,  tied  together  at  short  intervals 
with  steel  hoops. 

The  architect  for  the  work  was  Jf)hn  Clarke,  Esq.,  F.R.I.B..\.,  of  34  Castle 
Street,    Liverpool,    and    the    foundations    were    designed    and    constructed    by    Messrs. 
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Foundation  Plan. 

FOLNDATIONS    FOR    Ho\IS    Mri.LS. 
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REIXFORCED  CONCRETE  BRIDGE. 


J.   and  W".  Stewart,   foundation  contractors,  of  Caxton   House,  Westminster,  on   their 
system  of  C.P.  concrete  piles. 


View  cf  C.P.  Concrete  Piles  exposed  for  inspection. 
♦  Foundations  for  Hovis  Mills. 


REINFORCED   CONCRETE    BRIDGE   AT   HYDERABAD,   INDIA. 

The  Afzalgunj  bridge  at  Hyderabad  is  the  largest  reinforced  concrete  bridge  in  India. 
It  replaces  the  portions  of  the  former  masonry  structure  which  were  swept  away 
during  the  floods  of  1908,  and  in  the  design  of  the  new  arches  a  great  deal  more 
water-way  was  obtained. 

.Messrs.  Marsland,  Price  and  Co.,  constructional  engineers,  of  Bombay,  submitted 
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a  (Icsii^n   for  a  rcinforci'tl  (oncntc   bridge    whii  li   was  considered   the  most    satisfaclorv 
method  of  conslriiclion,  and  llie  entire  work  was  entrusted  to  this  firm. 

The  eontrart  c(insisted 
of  four  elliptical  arches  of 
54-ft.  span  and  9-ft.  rise 
each,  with  piers  4  ft.  wide 
built  on  masonry  founda- 
tions, and  an  approach 
about   200   ft.   lonij;. 

The     piers     were    con- 
structed of  solid  reinforced 
Kincrete   of  a  5  :  3  :  i    mix- 
lure,  suitable  bondinj^  rods 
beini;'  left   in  same  to   pro- 
ject   into    the   haunches   of 
tile  arches.    The  arch  rings, 
w  hich  are  built  of  a  4  :  2  :  i 
mixture,      had      a      double 
row  of   Indented  Steel   Bar 
reinforcement  placed  about 
2  in.  from  the  intrados  and 
extrados  respectively.  These 
Ijars,     which     were     i     in. 
square,  were   spaced  about 
c    10   in.    apart   and   the   two 
=    rings  connected  with  bind- 
«■   5    ing  every  3  ft. 
^   S  The    reinforcement    in 

^  '^_   the  extrados   of  each  arch 
^   c    was  carried  across  to  join 
I   5    the    reinforcement     in    the 
£  ^    extrados    of   the    adjoining 
"o   I   arch.     No  hinges  were  in- 
t   J    troduced     but     work     was 
>   N    stoj^ped  o\er  the  centre  of 
<    the  piers,  continuous  work 
z    being  done  until  each  arch 
^    was  completed. 

Each  arch  ring  was 
15  in.  thick  at  the  crown 
and  about  2  ft.  at  the 
haimches,  which  were 
afterwards  filled  in  with 
a  weak  cement  concrete 
mixture. 

The  pavement,  kerb 
and  gutter  were  of  grano- 
lithic. The  road  of  ap- 
proach has  side  walls  of 
reinforced  concrete  "  box  " 
construction,  each  ]3anel 
being  10  ft.  long  by  7  ft. 
wide.  The  outer  wall, 
25  ft.  high,  was  15  in. 
thick  at  the  bottom  and 
7   in.   at  the  top,  the  other 

three  walls  of  the  "  box  " 

being  5   in.  thick.     On  the 

to])     of     these     wfdls     the 

pavement  was  placed,  the  hollow    inside  being  filled  with  lime  concrete  and  stone.     The 

object   of   this   design    was    to   pre\ent    the   pavement    from    settling   with    tlie   roadway 
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filling,  while  it  gave  a  cheap  form  of 
retaining  wall. 

The  bridge  was  tested  five  months 
after  completion.  Originally  a  dead  load 
was  prescribed,  but  later  on  the  authori- 
ties considered  an  8-ton  steam  road  roller 
as  a  moving  load  would  be  more  practical. 
This  was  done  with  the  following  results  : 
Deflection  with  load  in  centre,  sifjth  in.  ; 
vibration   chord,  ^i^th  in. 

Indented  steel  bars  supplied  by  the 
Indented  Bar  and  Concrete  Engineering 
Co..  of  Queen  Anne's  Chambers,  S.W., 
were  used  throughout  as  the  reinforce- 
ment. 

SEA-WALL    AT    CULLERCOATS, 
NORTHUMBERLAND. 

The  accompanying  illustration  shows  a 
sea  wall  constructed  with  concrete  blocks, 
built  by  the  Tynemouth  Corporation  at 
Cullercoats,  Northumberland,  to  prevent 
coast  erosion.  Altogether  20,000  32-in.  by 
i2-in.  by  9-in.  blocks  with  2-in.  cavities 
were  used.  The  wall  was  reinforced  with 
old  wire  rope  passed  through  the  cavities 
in  the  blocks  the  full  height  and  grouted 
in,  thus  bonding  the  whole  wall,  so  as  to 
resist  wave  action  and  suction. 

The  posts  and  rails  in  the  illustration 
are  of  reinforced  concrete,  the  whole  being 
designed  and  executed  bv  J.  F.  Smillic, 
Esq.,  the  Borough  Surveyor. 

The  blocks  were  made  on  a 
"  ^^'inget  "  machine  supplied  by  the 
(U.K.I  "  W'inget  "  Concrete  Machine  Co., 
Ltd.,  of  Xewcastle-on-Tyne. 

A  REINFORCED  CONCRETE  COTTON 
MILL  IN  BOSTON.  U.S  A. 

The  new  Maverick  Cotton  Mills  in  East 
Boston,  Mass.,  described  here,  are  about 
the  largest  textile  mills  in  the  country 
built  entirely  of  reinforced  concrete.  This 
plant  was  designed  and  the  erection 
supervised  bv  Lockwood,  Greene  and  Co., 
mill  engineers  and  architects,  of  Bo-Ston, 
Mass. 

The  present  buildings  consist  of  the 
main  mill  550  ft.  long  by  130  ft.  wide, 
two  stories  in  height,  with  16  ft.  clear 
from  floor  to  floor ;  a  weave  shed  340  ft. 
by  231  ft.,  one  storey  with  saw-tooth 
roof;  one  end  of  the  main  mill  joins  the 
weave  shed.  The  power-house  is  91  ft. 
by  62  ft.  and  adjoins  the  corner  of  the 
weave  shed  next  to  the  main  mill.  There 
is  also  a  small  detached  office  building, 
30  ft.  bv  40  ft.,  two  stories  in  height. 

The  engineers  were  confronted  with 
a  number  of  new  and  interesting  problems 
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in  coniicition  witli  ihe  in^l.ill.itiim  i)f  the  texlilc  machinery  and  the  power  transmission 
equipment.  In  rej^ard  lo  llit-  former  it  was  found  that  on  account  of  the  increased 
frictional  resistance  between  liie  concrete  floors  and  the  base  of  the  machines  that  on 
a  large  part  of  the  lighter  running  machinery  two  or  three  expansion  bolts  placed  in 
holes  drilled  in  the  concrete  floor  were  all  that  were  necessary.  In  placing  the  drawing 
frame  cam  tables,  wliich  arc  usuallv  set  down  into  the  maple  flooring,  in  this  building 
they  were  placed  on  the  tinishcd  granolithic  floor  and  firmly  grouted  down,  the 
drawing  frames  being  raised  a  similar  distance  above  the  floor.  The  fan  casing  on 
the  pickers  caused  a  little  trouble,  but  was  finally  secured  by  using  angle  cleats  and 
-.mail   expansion  bolls  driven  into  the  concrete  floor.     An  air  drill  was  used  for  <lriving 


View  of  Finished   Building. 
Reinforced  Concrete  Cotton  Mill,  Boston,  U.S.A. 


the  holes  in  the  concrete,  which  did   not  entail  much   more  Ud)our   than   boring  holes 
for  lag  screws  in  a  wooden  floor. 

The  entire  mill  is  driven  by  electric  power,  the  motors  being  suspended  from  the 
ceiling  by  especially  designed  frames,  with  the  exception  of  four  loo-h.p.  floor  motors 
located  in  the  basement  of  the  weave  shed  which  drive  the  looms.  The  proper  arrange- 
ment of  the  floor  reinforcement,  so  as  not  to  weaken  the  floor  and  not  interfere  with 
the  locating  of  the  belt  holes,  required  very  careful  designing  on  the  part  of  the 
engineers.  The  weave  shed  shafting  is  supported  by  ordinary  wall  hangers  bolted  tcj 
the  concrete  columns.  Vertical  strips  of  wood  5  in.  high  by  i  in.  thick  and  extending 
entirely   through  the  columns  were  embedded  in  the  concrete  at   the  point  where  the 
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shaft-hangers  were   to  be  attached.      Holes  were  bored  through    these  strips   and    the 
shaft-hangers  bolted  directly  to  the  column. 

In  the  spinning  mill,  where  the  motors  were  suspended  from  the  ceilinrf,  horizontal 
bolt  holes  were  left   in  the  girders  at   points  where  the  m.otors   were  to  be  attached 

Wrought  iron  plates 
were  securely  bolted  on 
either  side  of  the  con- 
crete girders,  and  to 
these  plates  were  riveted 
angles  to  which  channels 
were  attached  extending 
from  girder  to  girder. 
The  motors  were  then 
slung  by  heavy  bolts 
from  these  channels. 
For  the  larger  motors 
angle  braces  were  used 
to  stiffen  the  frame- 
work. 

The  actual  design 
of  the  concrete  building 
<.  contains  a  number  of 
^  '2  very  interesting  features, 
•2  '^.  among  which  mav  be 
^  I  counted  the  heavy 
^  i  girders  which  support 
^  ^  the  exterior  walls.  The 
^  :i  problem  presented  here 
si  is  that  of  taking  the 
■2.  ^  concentrated  load  of  the 
S  t  columns  and  transmit- 
^  u  ting  it  into  uniformly 
o  g  distributed  load  over  the 
^^  g  piles.  This  was  accom- 
•B  z  plished  bv  in  a  measure 
o,  u  designmg  these  girders 
"  S  as  ordinary  concrete 
S  2  girders  uniformly  loaded 
'^  I  and  supported  at  tixed 
S  points  and  then  placing 
~       them   upside  down. 

The  concrete  saw- 
tooth girders  were  de- 
signed with  sufficient 
stiffness  so  that  no 
horizontal  tie  rods  from 
bay  to  bay  were  neces- 
sary. This  gives  a  clear 
sweep  the  entire  length 
of  each  bay,  and,  in  the 
absence  of  any  overhead 
shafting  makes  a  very 
light  and  handsome 
weave  shed. 

The    idea    of    using 

reinforced     concrete 

throughout   in   a   textile 

mill  was  conceived  by   Lockwood,  Greene  and  Co.,  and  the  entire  design  of  this  plant 

was  made  by  them.     They  also  superintended  the  erection,  the  contract  for  the  building 

being  executed  by  the  Hennebique  Construction  Co.,   of  N'ew  York  City. 
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REINFORCED    CONCRETE    BOWSTRING    BRIDGE    FOR   THE  POWELL   DUFFRYN 

COAL    CO..    SOUTH    WALES. 

Reini-okcki)  roiKTclc  is  <;i;i(lu;illy  Ininj*  used  to  replace  steel  and  masonry  works  in 
mines  and  collieries.  .\s  an  instance  of  this  the  Powell  DulTryn  Steam  Coai  Co.,  Ltd., 
have  recently  replaced  two  steel  railway  bridj^es  by  reinforced  concrete  bridges  on 
account  of  the  greater  economy  of  this  material  and  its  greater  resistance  to  the  fumes 
of  sulphur  and  ammonia,  which  have  no  effect  upon  reinforced  concrete.  .Steel 
structures  sul)j(  licd  lo  these  fumes  require  constant  examination,  and  there  is  also  a 
certain  amouiU  of  yearly  expenditure  in  upkeep  for  painting  and  rejiairs. 

The  bridges  were  executed  on  the  "  C'oignet  .System  "  of  reinforced  concrete  bv 
Messrs.  Watt  Bros.,  contractors,  of  Cardiff,  under  the  supervision  of  the  companv's 
engineer,   Mr.  J.   .M.   (ireenhow. 

The  bridge  shown  in  our  illustrations  is  the  larger  of  the  two.  This  bridge,  which 
spans  a  river,  is  very  much  on   the  skew.      It   is  raiculated    to  carrv  two  railwav   lines 


Interior  View  showing  Girderless  Floor  Construction. 
Reinforced  Concrete  Cotton  Mill.  Boston,  U.S..\. 


of  ordinary  gauge,  and  for  locomotives  weighing  fifty  tons  and  wagons  weighing 
nineteen  tons  fully  loaded. 

The  bridge,  which  has  been  designed  by  Messrs.  Edmond  Coignet,  Ltd.,  has  been 
provided  with  two  bowstring  beams  supporting  cross  beams. 

The  dimensions  are  56  ft.  9  in.  in  span,  with  a  width  of  26  ft.  8  in.  in  the  clear. 
The  height  of  the  bowstring  beams  is  13  ft.  3  in.  over  all.  The  cross  beams  carrying 
the  way  beams  have  scantlings  of  12  in.  by  32  in.,  and  the  way  beams  have  scantlings 
of   10  in.  by   14  in. 

.\  peculiarity  of  this  bridge  is  that  it  was  erected  around  the  existing  structure 
and  without  disturbing  the  traffic,  which  is  very  considerable. 

The  bowstring  beams  were  first  constructed  on  both  sides  of  the  existing*  steel 
girders.     The  filling  in  of  earth  of  the  deck  of  the  existing  bridge  was  then   removed. 
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REINFORCED  CONCRETE  BOWSTRING  BRIDGE. 


and  the  reinfurced  concrete  cross  beams  and  wav  beams   were  concreted  throu' h   the 
openmgs  of  the  deck  of  the  steel  bridge  structure.  '^ 

In  order  that  there  should  be  absolutely  no  interruption  in  the  work  of  the 
colliery,  after  the  reinforced  concrete  bridge  had  set  sufficiently  hard,  the  deck  of  the 
steel  bridge  was  remoycd  by  means  of  trayelling  cranes,   and  the  wooden  way  beams 


ready  fitted  with  the  chairs  and  rails,  were  lifted  in  position  by  the  cranes  on  to  the 
reinforced  concrete  way  beams.  This  operation  was  begun  on 'a  Saturday  at  midday 
and  the  bridge  was  tested  and  ready  for  traffic  on  the  Sunday  afternoon. 

I  he   test  was   carried   out  by  means  of  locomotiyes  and  loaded   wagons,   and   the 
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NEW   USES  FOR  CONCRETE 

AT    HOME    AND    ABROAD. 

Under  this  heading  reliable  information  ivill  be  presented  as  to  nexu  uses  to  "which  concrete 
and  reinforced  concrete  are  put,  ■with  data  as  to  experience  obtained  during  the  experimental 
stage  of  such  neiv  applications  of  these  materials.  The  use  of  reinforced  concrete  as  a 
substitute  for  timber  in  exposed  positions  is  one  of  the  questions  of  the  moment.  Railtvay 
sleepers,  telegraph  posts,  fence  posts,  etc.,  of  concrete  are  being  tried.  Similarly,  efforts 
are  at  present  being  made  to  prove  that  reinforced  concrete  is  an  excellent  substitute  for 
brick'work  ivhere  structures  of  great  height  are  required. — ED. 


A    REINFORCED    CONCRETE    GARAGE    IN    BELOIT.    WIS..   U.S.A. 

The  accompanying  illustrations,  showing  the  interior  and  exterior  of  a  fireproof 
concrete  public  garage  at  Beloit,  Wis.,  are  good  examples  of  the  advisability  of  using 
reinforced  concrete  for  buildings  where  resistance  to  fire  is  of  primary  importance.  It 
is  a  monolith  of  reinforced  concrete,  and  has  a  width  of  -14  ft.,  its  length  b"ing  130  ft., 
and  is  two  stories  high. 

It  may  be  stated  that  the  exterior  is  finished  in  granite  effect,  produced  by  a 
combination  of  the  whitest  cement  obtainable,  with  black  and  green  granite  mixed  in. 
The  tile  embellishments  and  roofing  and  the  beams  are  finished  in  green.  The  interior 
is   in   green   and  white. 

It  is  of  interest  to  note  that  the  garage  occupies  the  entire  ground  floor.  This 
floor  is  unobstructed  by  pillars  or  posts,  and  provides  storage  space  for  fifty  touring 
cars  or  a  correspondingly  larger  number  of  small' cars. 

.At   the  left  of  the   front  entrance   spaces  are  partitioned  off  for   office  and  stock 


E.xterior  View  of  Garage. 
Reinforced  Concrete  Gar.\ge  in  Beloit,  \\  is.,  U.S. .A. 
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rooms.      The  administration   officr    is  S   ft.    1)V    u   ft.    in   size,   and   the   stoik    or   supply 
room  is  12  ft.  by  16  ft. 

The  concrete  f»araj4c  is  provided  with  a  rejjair-shop,  which  accommodates  eif<ht 
cars  at  one  time,  is  situated  at  the  rear  of  the  tfround  floor,  partitioned  ofT  from  the 
main  j^ara^c  by  fireproof  sHdinj,'  doors.  The  shop  occupies  a  space  of  24  ft.  by  31  ft. 
It  is  equipped  with  a  full  complement  (jf  n'lachine  tools,  benches  and  lathes,  and  the 
latest  system  of  {.gasolene  and  oil  storaj^^e  has  been  installed  and  compressed  air  for 
tyre  inflation  is  available  at  three  different  points  on  the  main  garage  floor. 


Interior  View. 
Reinforced  Con-crete  Garage  in  Beloit,  Wis.,  U.S.A. 
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Memoranda  and  Neius  Items  are  presented  under  this  heading,  ivith  occasional  editorial 
comment.     Authentic  neius  luill  be  -welcome. — ED. 


British   Standard  Definitions   of   Yield  Point  and  Elastic  Limit.-— The  Main 

Committee  of  the  Engineering  Standards  Committee,  having  been  approached  with 
the  request  that  Standard  Definitions  for  the  terms  "  Yield  Point  "  and  "  Elastic 
Limit  "  should  be  drawn  up,  remitted  the  matter  to  those  sectional  Committees  which 
had  prepared  Standard  Specifications  for  Steel  and  Wrought  Iron,  with  the  result  that 
the  following  definitions  have  been  unanimously  agreed  upon  : — 

Elastic  Limit. — The  Elastic  Limit  is  the  point  at  which   the  extensions  cease 

to    be  proportional   to   the   loads.      In   a  stress-diagram,   plotted   to   a   large   scale, 

it  is  the  point  where  the  diagram  ceases  to  be  a  straight  line  and  becomes  curved. 
Yield   Point. — The  Yield   Point   is  the  point   where  the  extension   of  the   bar 

increases  without  increasing  the  load. 

.A  copy  of  this  Report,  No.  56,  giving  further  information  on  the  above  subjects, 
is  issued  gratis  (id.  post  free)  on  application  to  the  Engineering  Standards  Committee, 
28  Victoria  Street,  London,  S.W. 

Reinforced    Concrete     Dock    for     Victoria,    B.C. —  According  to  a  report  of  the 

.American  Consul  at  \'ictoria,  B.C.,  the  British  Columbian  Marine  Railway  have 
completed  financial  arrangements  for  the  construction  of  a  graving-dock  at  Esquimalt 
which  is  to  be  1,000  ft.  long  and  will  be  constructed  on  similar  lines  to  the  one  at 
Southampton.  It  is  proposed  to  build  the  dock  of  reinforced  concrete  with  granite 
facings,  and  to  employ  electric  plant  for  pumping  purposes.  Work  is  to  be  started  at 
once,  in  order  that  the  dock  may  be  completed  before   19 15. 

A  Formula  for  Reinforced  Concrete  Slabs.  — Rectangular  concrete  slabs,  both 
freely  supported  and  continuous  over  supports,  have  been  extensively  investigated  in 
connection  with  the  preparation  of  new  .Austrian  regulations  for  reinforced  concrete, 
and  a  revised  method  of  computation  is  presented.  The  question  is  not  considered  to 
be  conclusively  disposed  of  as  yet,  but  it  is  believed  that  an  advance  is  made  over  earlier 
methods  in  that  separate  computations  are  provided  for  the  two  crossing  reinforcements. 

In  the  computation  for  slab  stresses  which  is  now  derived,  K  is  taken  as  the 
ratio  on  the  sectional  area  of  the  reinforcement  in  one  direction  parallel  to  "  a,"  to 
that  of  the  reinforcement  in  the  other  direction,  parallel  to  "  b. "  Then  the  load  is 
considered  as  distributed  over  the  slab  in  the  two  directions,  on  the  spans  "  a  "  and 
"  b  "  in  the  relations,  respectively  :  b-JiKu'+b^)  and  Ka'^/{Kd^+b-). 

With  slabs  continuous  Qver  their  supports  the  procedure  is  similar,  but  the 
positive  moments  are  taken  to  be  not  less  than  two-thirds  of  those  in  equivalent  freely 
supported  slabs. — Engineering  Record. 

Comparative  Tests  of  Cement-Gun  Concrete  and  Hand-applied  Concrete.— 
A  series  of  tests  of  very  interesting  character  was  made  recently,  according  to 
Engineering  News,  by  the  engineering  firm  of  Westinghouse,  Church,  Kerr  and  Co. 
for  the  European  Cement-Gun  Co.,  New  York  City,  with  a  view  to  determining 
whether  concrete-surface  coatings   applied  by  the  new  air-blast  device  known   as    the 
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"  Cement-Gun  "  are  equal  (ir  superior  lo  liand-apj)Iicd  coatings.  For  these  tests, 
sample  coatings  were  made  by  both  hand  and  cement-gun  processes,  and  tests  were 
carried  out  for  tensile  strength,  crushing  strength,  surface  permeabilily,  absorption, 
percentage  of  voids  or  porosity,  and  adhesion  to  other  materials,  such  as  brick,  stone, 
and  iron. 

The  report  contains  the  following  conclusions  :  In  all  the  tests  made,  the  product 
of  the  cement  gun  showed  superior  to  good  hand-made  product  of  the  same  kind.  The 
degree  of  superiority  varied  between  wide  limits.  In  tensile  strength  the  gun  work 
excelled  hand  work  in  every  case  by  amounts  ranging  from  20  per  cent,  to  60  per  cent. 
In  compressive  strength  the  excellence  of  the  gun  work  was  even  more  marked, 
ranging  from  20  per  cent,  to  720  per  cent,  better  than  hand  work.  In  the  matter  of 
surface-  ])ermeability  the  gun  work  absorbed  from  i^V^hs  down  to  ^^jth  as  much 
water  per  hour  per  unit  of  area  as  the  similar  hand-made  surfaces.  As  regards 
absorption  of  water,  the  hand-n-.ade  mortars  took  up  from  i'4  to  5*3  times  as  much 
as  the  gun-made  mortars.  The  percentage  of  voids  of  the  gun-made  product  ranged 
from  52  per  cent,  to  75  per  cent,  of  that  of  the  hand-made  product.  The  adhesion  of 
the  gun-applii-(i  mortar  was,  on  the  average,  27  per  cent,  better  than  that  of  the 
hand   work. 

PilHag  Holes  in  Concrete  Walls. — Filling  holes  in  concrete  walls  left  by  the 
tie  rods  of  ijic  forms  has  been  done  bv  forcing  corks  into  them  and  then  ramming 
the  holes  with  grout,  according  lo  The  Eiigi)u'cr.  A  negro  workman  at  one  of  the 
filter  beds  at  New  Orleans  thoughtlessly  jammed  the  cork  of  an  empty  bottle  into 
one  of  the  holes  he  was  supposed  to  fill  with  grout.  An  engineer  saw  this  and  shortly 
afterwards  ordered  enough  corks  to  fill  all  the  holes,  which  had  previously  given  more 
or  less  trouble  from  leakage.  Corks  slightly  larger  than  the  holes  were  used  and 
rammed  to  the  centre  of  the  wall  with  a  rod  having  a  collar  several  inches  from  the 
end  and  provided  w'ith  a  metal  weight  arranged  so  that  it  w'ould  slide  along  the  rod 
and  act  as  a  hammer.     The  remainder  of  the  hole  was  then  readily  grouted. 

Cburcb  Foundations  Consolidated  by  Reinforced  Concrete. — The  new  church  of 
Notre-Dame  at  Laeken,  the  royal  suburb  of  Brussels,  was  begun  about  1853,  but  building 
was  interrupted  ten  years  later  for  want  of  funds,  the  estimate  having  been  considerably 
exceeded.  The  works  were  not  resumed  until  1908,  and  the  scaffolding  has  only  been 
taken  down  about  a  month.  The  spire  is  97'5  metres  (320  ft.)  high,  and  the  two 
lateral  towers  are  carried  up  to  a  greater  height  than  that  originally  intended,  while 
the  three  porches  project  considerably  beyond  the  west  front.  In  these  circumstances 
it  is  not  surprising  that  settlement  threatened  the  stability  of  the  edifice,  notwithstand- 
ing additional  foundations.  The  latter  were  (as  advised  by  M.  Lagasse  de  Locht,  now 
director-general  of  Fonts  et  Chaussees)  connected  inseparably  with  the  old  by  means 
of  a  reinforced  concrete  sole,  supplemented  by  a  9  ft.  vertical  curtain  for  arresting 
horizontal  displacement,  the  foundation  area  being  increased  laterally,  especially  on 
the  west,  so  as  to  afford  an  admissible  coefficient  of  general  bearing  stress.  At  suitable 
places  excavations  were  made  by  rock-drilling  in  the  old  foundations,  for  receiving 
stout  iron  bars,  bedded  in  cement,  connected  with  the  reinforcement  members  of  the 
new  foundations. — Contract  Journal. 

New  Baths  at  Pontetract. —  The  designs  of  Mr.  A.  Nunweek,  architect,  of 
Sheffield,  have  been  selected  in  the  recent  competition  for  new  baths  at  .Pontefract 
for  the  Pontefract  Corporation.  These  are  to  be  carried  out  in  reinforced  concrete, 
and  the  necessary  working  drawings  are  being  prepared,  for  which  contractors  are 
then  to  be  asked   to  estimate. 

New  Reinforced  Concrete  Reservoir  at  Bramley.^The  new  service  reservoir 
at  Bramley,  which  Messrs.  Holme  and  King,  contractors,  of  Liverpool,  are  now  carry- 
ing out  for  the  Leeds  City  Corporation  Waterworks,  is  being  constructed  in  con- 
crete reinforced  throughout  with  expanded  metal,  from  the  designs  and  under  the 
supervision  of  the  Leeds  City  Waterworks  engineer,  Mr.  C.  G.  Henzell. 

Horbury  Sewerage  Scheme. — ^The  Horbury  Urban  District  Council  have  obtained 
the  approval  of  the  Local  Government  Board  to  their  new  sewerage  scheme  to  be 
carried  out  at  Horbury,  near  Wakefield,  under  their  engineer,  Mr.  J.  H.  Drew,  who 
proposes  adopting  reinforced  concrete  on  the  Hennebique  system  in  the  construction 
thereof. 
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New  Premises  at  A'e/^ft/e^.— New  premises  are  to  be  ererted  at  Keighley  for 
Messrs.  Althams  from  the  designs  of  Mr.  F.  Mason,  architect,  of  Leeds,  who  purjposes 
using  a  system  of  hollow  block  concrete  floors  therein  as  the  system  to  bo  adopted  in 
carrying  out  the  work. 

MUl  Extensions,  Bradford. — Extensive  additions  are  to  be  made  to  the  Dumb 
Mill  at  Bradford,  for  which  specialists  in  reinforced  concrete  have  been  asked  to 
prepare  schemes  in  reinforced  concrete  and  submit  estimates  for  the  carrying  out  of 
the  entire  work. 

Leeds  and  Yorkshire  Architectural  Society. ^-On  the  nth  of  last  month  a 
most  interesting  and  instructive  lecture  on  reinforced  concrete  was  given  before  the 
Leeds  and  Yorkshire  Architectural  Society  at  their  rooms  in  the  Leeds  Institute  bv 
Mr.  G.  C.  Workman,  of  Messrs.  Edmond  Coignet,  Ltd.,  London,  who  dealt  verv 
fully  with  the  subject  of  reinforced  concrete  applied  to  buildings  of  all  classes. 
Lantern  slides  were  shown  of  some  very  beautiful  photographs  of  works  carried 
out  on  the  Coignet  system  in  Leeds,  its  surrounding  district,  and  other  parts  of  Great 
Britain  and  the  Colonies.  Some  of  the  work  shown  had  been  carried  out  from  thf 
designs  and  under  the  supervision  of  some  of  the  architects  present,  who  formed  a 
very  large  and  most  appreciative  audience.  This  was  one  of  the  best  meetings  held 
by  the  Society  this  season.  A  very  full  discussion  took  place,  when  points  of  interest 
were  raised  as  to  the  importance  of  centering,  and  also  the  subject  of  tenders  for 
reinforced  concrete  work. 

TRADE    NOTICES. 

Cement  Bricii- malting  Apparatus,  "  Eureica." — Messrs.  H.  Elliott  and  Co., 
of  County  Bank  Chambers,  The  Mall,  Ealing,  London,  W.,  have  issued  a  circular 
descriptive    of  their   "  Eureka  "   apparatus   for   making   cement   bricks. 

Cement  bricks  are  easily  made,  and  they  can  be  adapted  to  any  form,  shape, 
size,  or  mould  and  used  for  work  a  very  few  days  after  manufacture.  It  is  stated 
in  the  catalogue  that  one  operator  can  make  i,ooo  to  1,500  bricks  in  ten  working 
hours    (mixing    not    included). 


The  method  of  using  the  "  Eureka  "  apparatus  is  extremely  simple.  When  it  is 
cjuite  full  of  the  mixture  remove  the  apparatus  to  the  place  prepared  for  the  bricks, 
turn  over,  and  then  remove  the  bricks  from  the  apparatus  itself  by  raising  the  handle, 
which  then  allows  the  apparatus  to  open  automatically.  Illustrations  of  two  of  the 
different  types  of  apparatus  are  shown  above. 

Full  particulars  and  catalogues  will  be  sent  on  application  to  Messrs.  Elliott  at 
the  above  address. 

"  Universal "  Joist  Steel  Piling  and  the  Reconstruction  of  Boulter's  Lock.— 
It  will  interest  our  readers  to  know  that  "  Universal  "  joist  steel  sheet  piling  has 
been  ordered  by  the  engineer  for  the  Thames  Conservancy  for  the  reconstruction  of 
Boulter's    Lock. 

United  States  Steel  Sheet  Piling.^We  have  received  from  the  United  States 
Steel  Products  Company,  whose  London  offices  are  at  36-38  New  Broad  Street,  E.C., 
a  booklet  giving  particulars  of  their  method  of  piling.  _ 

The  advantages  of  steel* sheet  over  wooden  piling  are  well  known.  It  is  much 
stronger  and  tighter  than  wood  piling,  and  in  extended  trench  work  and  multiple 
piers  its  availability  for  re-use  makes  it  cheaper  than  wood.  Its  use  in  cotter-dams 
reduces  the  amount  of  bracing  required,  and  thus  effects  a  saying  in  the  cost  ol 
timber.  .  ,     .  1      ^r 

The  United  States  sheet  piling  is  a  simple,  plain,  rolled  section.  It  is  made  01 
medium  steel  in  accordance  with  the  specifications  of  the  Association  of  A/nencan 
Steel    Manufacturers,    and    is   ready    for    immediate    use   as    it    comes   from    the    mill. 


OUR  PILE-DRIVING  PLANTS  ARE  THE 
LATEST  ON  THE  MARKET  ♦  ARE  USED 
BY  AND  GIVE  SATISFACTION  TO  THE 
LEADING  CONTRACTORS  AT  HOME  AND 
ABROAD  ♦  RELIANCE  &  EFFICIENCY  ARE 
OBTAINED    BY   USING   OUR   MACHINES 


Illustration  shows  Overhanging  Frame  with  Boiler  and  Winch,  for  Buenos  Ayres 
(View  in  Works   Yard) 

We    quote    for    any    kind    of    pile  -  driving    machine  ; 

drawings  and  prices  on  application.     Send  for  particulars 

of    our    latest    type    of    hammer,    to   drive  with   either 

compressed  air  or  steam. 


THE  BRITISH  STEEL  PILING  CO. 

DOCK  HOUSE,  BILLITER  STREET 


TELEPHONE- 
1414   AVENUE. 


LONDON,   E.C. 


TELEGRAMS- 
•'  GRAMERCY.  LONDON. 
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Each  piece  is  complete  in  itself,  interlocking,  and  all  pieces  are  interchangeable  with 
one  another.  There  are  no  auxiliary  parts,  which  constitutes  a  difference  from  other 
pilings   on   the   market. 

Contact  between  the  head  and  the  socket  is  made  by  points  and  not  bv  surfaces 
so  that  wedging  action  is  prevented  and  the  maximum  of  strength  to  resist  forces  in 
both  lateral   and   longitudinal   directions    is   secured. 

Among  the  other  advantages  claimed  for  this  piling  are  that,  owing  to  the  small 
amount  of  metal  in  actual  contact  at  the  point  of  interlock,  free  and  easy  driving, 
irrespective  of  the  length  of  the  pile  or  the  composition  of  the  soil,  is  assured.  The 
amount  of  play  at  the  same  point  has  the  further  advantage  of  enabling  the  contractor 
to  form  a  circle  having  a  stipulated  minimum  diameter,  without  resorting  to  the 
somewhat  expensive  method  of  bending  the  web. 

If  the  river  bed  is  composed  very  largely  of  sand  and  clay  the  piling  will  auto- 
matically pack  itself  when  being  driven,  but  if  absolute  watertightness  is  required  it 
is  permissible  and  practicable  to  insert  a  timber  packing  strip  within  the  interlock. 
This  packing  strip  should  be  made  of  some  tough  grained  wood,  such  as  spruce  or 
fir,  which  swells  considerably  when  immersed  in  water.  The  strip  should  be 
rectangular  in  section,  so  that  contact  can  be  made  by  points  rather  than  by  surfaces. 
We  are  informed  that  this  packing  strip,  contrary  to  expectations,  usually  acts  as  a 
lubricant  than  otherwise  when  driving,  and,   if  anything,  facilitates  penetration. 

The  material  can  be  supplied  in  almost  any  length  ranging  from  lo  ft.  to  60  ft. 
Full  particulars  are  given  in  the  booklet  of  the  method  of  driving  the  piles,  and  there 
are  illustrations  of  piling  caps  to  suit  either  the  American  or  British  type  of  piling 
frame. 

The  "  Moseley  "  System  of  Reinforced  Concrete  Construction. —  The  Moselev 
system  of  reinforced  concrete,  for  which  provisional  patents  have  now-  been  taken 
out,  is  a  new  system  that  is  being  put  upon  the  market  for  the  formation  of  reinforced 
concrete  troughs,  for  the  quick  erection  of  walls,  and  all  other  similar  works  in 
concrete.  The  system  consists  of  cast  reinforced  concrete  troughs  with  perforated 
bottoms  laid  in  courses  the  same  as  brick  or  stone  work,  and  filled  in  with  in  situ 
concrete  course  by  course  and  then  grouted  together  with  liquid  cement,  which 
penetrates  the  perforated  bottoms,  so  becoming  one  homogeneous  mass.  The  joints 
are  all  strengthened  and  tied  together  by  metal  reinforcement  as  the  work  proceeds. 
Particulars  may  be  obtained  from  the  Moseley  Construction  Co.,  whose  temporarv 
offices   are  6a,   Grosvenor   Chambers,    Deansgate,    Manchester. 

PUBLICATIONS    RECEIVED    OR    IN    COURSE    OF    PREPARATION. 

Lockwood's  Builders  and  Contractors'  Price  Boole,  1912.  —  Published  by 
Crosby,  Lochivood  and  Son.  Stationers'  Hall  Court,  Ludgate  Hill,  London.  E.G. 
Price  4s. 

This  price  book,  which  is  now"  established  as  a  standard  work  of  its  kind,  gives 
in  its  1912  edition  in  the  same  complete  and  efficient  manner  as  in  former  volumes 
the  prices  of  the  different  materials  and  work  in  the  building  and  allied  trades,  these 
having  been  brought  thoroughly  up  to  date.  The  wages  table  has  also  undergone 
entire  revision  and  enlargement. 

The  appendices  contain  tables  of  weights,  areas,  valuation  of  leases  and  estates, 
marks  and  qualities  of  woods,  stamp  duties,  and  legal  notes.  In  the  supplement  will 
be  found  among  others  a  copy  of  the  London  Building  Acts  1894  to  1908,  the  L.C.C. 
(General  Powers  Act)  1908,  and  the  text  of  the  L.C.C.  By-laws  and  the  Regulations  of 
various  public  health  departments.  The  building  contract  and  schedule  of  conditions 
of  the  R.I.B.A.   will  also  be  found  a  useful  addition. 

Henaebique  Ferro-Concrete. —  Published  by  Messrs.  L.  G.  Mouchel  and 
Partners  Ltd..  jS    Victoria  Street,   London,  S.W. 

This  pamphlet,  which  gives  a  list  of  the  works  executed  in  the  United  Kingdom 
on  the  Hennebique  system  from  1897  to  191 1,  has  been  compiled  for  the  convenience 
of  engineers  and  architects  desiring  to  inspect  examples  of  reinforced  concrete  con- 
struction. The  pamphlet  gives  in  each  case  the  locality  in  which  the  building  is 
situated,  the  engineer  or  architect  who  designed  it,  as  well  as  particulars  of  the 
structure.     It  should  be  found  very  useful  for  the  object  for  which  it  is  intended. 
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Catalogue  of  Technical  Books. — Messrs.  W.  and  G.  P'uylc,  of  135  ("liarini^ 
Cross  Ro.ul,  have  sent  lis  a  copy  of  tlieir  latest  catalogue  of  technical  books,  in  which 
is  to  be  found  many  books  on  engineering  in  all  its  branches,  architecture,  and 
chemistry,  as  well  as  other  technical  subjects.  Second-hand  copies  of  nearly  all  these 
books  can  be  supplied  by  Messrs.   Foyle  at  about  half  the  published  price. 

Applied  Chemistry. — Sir  Edward  Thorpe's  well-known  "Dictionary  of  .\j)plie(l 
Chemistry  "  is  being  revised  and  enlarged,  and  Messrs.  Longmans  and  Co.  announce 
that  the  new  edition  will  be  issued  in  five  volumes.  The  first  volume  will  be  ready 
in  a  few  days,  and  Volume  II.  eariv  in  the  summer.  It  is  hoped  that  the  work  will 
be  completed  within  two  years. 

CONTRACTS. 

Messrs.  Edmond  Coignet,  of  20  Victoria  Street,  S.W..  ha\e  recently  secured 
the  following  Contracts  : — 

New  offices  for  the  Metropolitan  Railway  at  Baker  Street  Station.  I'.ngineer,  Mr.  \V. 
Willox,  M.Inst.C.E.  This  contract,  which  is  for  the  supply  of  technical  advice  and  working 
drawings,   was  obtained  in  competition  amongst  the  various  well-known  systems. 

Large  warehouse  for  Messrs.  Pilkington  Bros.,  Ltd.,  of  St.  Helens.  Architect,  Mr.  Isaac 
Taylor,  F.R.I.B.A.  The  Coignet  system  was  specified  exclusively  for  this  work.  The 
contr.'u't  for  the  erection  of  the  building  was  obtained  by  Messrs.  William  ("owlin  8:  Son. 
of  Bristol. 

Extensive  additions  for  the  British  Motor  Cab  Co.,  Ltd.  Contractors,  Messrs.  Leslie  tV 
Co.,  Ltd. 

New  administration  buildings  at  Para.  Engineer,  Mr.  J.  W.  Kitchin.  The  Coignet 
system  was  specified  exclusively  for  this  work,  the  contractors  being  Messrs.  William  Cowlin 
&  Son. 

Roof  for  Church  of  St.  Mary  the  Virgin,  Plymouth.  Architects,  Messrs.  Nicholson  & 
Corlette.  The  Coignet  system  was  specified  exclusively  for  this  work.  Contractors,  Messrs. 
William  Cowlin  &  Son. 

Floor  for  extensions  to  Messrs.  C.  N.  Kidd  &•  Son's  brewery  at  Dartford.  Contractors. 
Messrs.  W.  F.   Blay  Ltd. 

Floor  for  school  at  Alfreton.    Contractors,  Messrs.  Evans  Bros. 

Extension  to  flooring  at  Bailiffe  Bridge  for  Messrs.  T.  F.  Firth  iS:  Sons,  I^td.  Con- 
tractors, Messrs.  Henry  Atkinson  S;  Sons,  Ltd. 
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EDITORIAL    NOTES. 


THE    EXECUTION    OF    REINFORCED   CONCRETE    WORK. 

Complaints  are  frequently  uttered  about  the  incompetence  of  foremen  and 
workmen  in  the  execution  of  reinforced  concrete  work.  This  is  certainly  a 
serious  matter,  for  the  majorit\'  of  mishaps  that  ha\e  occurred  have  (generally 
been  attributed,  whatever  may  ha\  e  been  contributory  causes,  primarily  to  the 
ignorance  of  the  contractors'  emplovees.  N'ow,  the  contractor  is  not  exactly  to 
blame  ;  he  picks  out  the  best  material  a\  ailable,  but  that  material  is,  in  the 
majority  of  cases,  inefficient. 

Reinforced  concrete  is,  of  course,  a  new  method  of  construction  to  the 
g'reater  portion  of  the  men  engai^'ed  in  the  building  trades,  and  consequently  the 
foremen  or  superintendents  neither  understand  nor  appreciate  the  nature  and 
diilicultjes  of  reinforced  concrete  construction.  The  drawings,  too,  are  strange 
and  not  easily  interpretable,  because  they  are  rather  different  from  the  ordinary 
run  of  drawing's  of  building  work.  The  foremen  generally  do  their  best, 
though  they  do  not  understand  the  draw  ings,  but  there  is  also  gross  carelessness 
with  many. 

The  ordinary  ideas  of  concrete  in  the  building  trade  is  that  it  is  a  sort  of 
mud-pudding  material,  which  is  thrown  into  holes  to  fill  up  and  give  a  smooth 
base  upon  which  to  put  other  materials.  Even  when  it  comes  to  floors,  the 
average  building  employee  has  been  used  to  steel  joist  floors  with  breeze  or  a 
clinker  concrete  filling  of  a  very  inferior  quality.  Our  foremen  are  often,  too, 
taken  from  trades  which  in  the  past  were  totally  ignorant  of,  or  inadequately 
equipped  with,  a  knowledge  of  the  strength  of  structural  members.  Carpenters 
and  joiners  had  knowledge  of  timber  joists  and  beams,  but  not  of  the  calculation 
of  the  stresses  induced  in  thefn  by  loading.  They  were  mostly  unable  to  calcu- 
late the  strength  of  even  a  rectangular  beam  except  by  rules  of  thumb.  Masons 
are  even  more  insufficiently  equipped,  because,  although  they  have  some  ideas 
of  the  properties  of  an  arch,  beam-construction  in  stone  is  not  in  much  use 
nowadays.  So  that  a  foreman  picked  from  these  two  chief  branches  of  the 
building  trade  has  the  haziest  notion  of  what  is  essential  or  non-essential  to  the 
strength  of  structural  members.      The  other  trades  do  not  so  frequently  supply 
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The  various  polytechnics  and  schools  undertaking  instruction  of  the  build- 
ing trades,  in  their  courses  teach  building  construction  to  most  of  the  crafts- 
men, but  that  teaching  is  often  inadequate,  and  emphasis  is  not  generally  given 
to  the  little  science  needed  for  the  understanding  of  the  main  principles  of 
strength  of  materials,  too  much  attention  being  devoted  to  matters  of  really 
secondary  importance,  such  as  details  and  handicraft. 

No  doubt  in  time  matters  will  right  themselves,  but  it  will  be  slow  work, 
and  it  would  be  well  if  the  whole  of  the  trade  concentrated  its  attention  on 
forcing  the  foreman  element  to  understand  something  of  the  principles  of 
reinforced  concrete,  and  hurried  up  the  process  of  instilling  knowledge  into 
craftsmen.  Unfortunately  the  foremen  who  have  had  experience,  and  clerks 
of  works  also,  are  often  disinclined  to  study.  They  think  that  after  they  have 
attained  to  a  position  of  such  responsibility  there  is  no  need  for  them  to  go  to 
school  again;  they  wait  for  practice  to  inform  them  upon  any  novelties.  They 
are  really  foolish  in  their  own  interests,  because  a  thoroughly  capable  man  able 
to  do  first-class  work  in  reinforced  concrete  is  able  to  command  good  wages 
and  continuity  of  employment. 

However,  there  is  another  aspect  of  the  matter  which  must  be  faced. 
The  execution  of  reinforced  concrete  work  has  been  handled  by  a  large  number 
of  building  firms,  but  the  greater  proportion  of  the  work  has  been  carried  out 
by  a  comparative  few,  who  have  become  known  somewhat  as  specialist  con- 
tractors for  reinforced  concrete  work,  and  it  is  rightly  and  properly  thought 
that  such  firms  are  best  able  to  carry  out  such  work  with  safety  and  economy. 
These  firms  have  chosen  their  foremen  and  superintendents  with  care,  and  they 
possess  some  of  the  best  material  available,  but  there  is  an  element  of  danger, 
noticeable  particularly  in  work  in  the  United  States,  and  it  would  be  well  for 
us  to  avoid  appearing  here,  and  that  is,  that  in  the  growth  of  reinforced  concrete 
construction  and  the  increased  business  obtained  by  the  specialist  contractors 
they  may  find  insuperable  difficulties  in  obtaining  competent  foremen.  It  is 
only  natural  that  they  should  not  wish  to  let  jobs  go  by,  and  they  may  l)e  led 
to  take  them  and  endeavour  to  carry  them  out  with  the  best  staff  they  can 
secure. 

Now,  the  best  foreman  talent  has  been  already  secured,  and  is 
in  regular  employment  with  general  building  contractors,  and  therefore 
the  sources  of  supply  of  such  talent  to  the  specialist  contractors  are 
somewhat  restricted,  so  there  is  a  tendency  for  him  to  draw  from  sources 
which  are  not  quite  the  best,  however  poor  even  that  mav  be.  He  has  to 
take  men  on  trial  who  have  had  little  or  no  pre\ious  experience  of  reinforced 
concrete,  and  who  cannot  therefore  furnish  testimonials  as  to  their  ability.  In 
America  the  result  has  been  that  the  firms  that  had  the  most  amount  of  work 
were  sometimes  found  to  be  doing  the  worst  work,  so  that  there  is  this  danger, 
that  the  firm  which  builds  up  the  best  reputation  may  suddenly  find  as  a 
consequence  that  they  are  getting  so  much  work  that  thev  quickly  drop  from 
the  first  place.  Not  being  able  to  obtain  adequate  superintendence,  they  begin 
to  turn  out  inferior  work,  and  may  lose  the  reputation  which  has  taken  them 
years  to  build  up,  and  they  can  never  regain  it.  It  is  a  very  regrettable  thing 
that  there  should  be  such  danger  of  the  specialist  firm,  by  the  very  development 
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of   its   superior   work,   losing-   its   ability   to   secure   efficient   workmanship,    and 
doing-  inferior  work  even  to  what  would  be  done  by  g-eneral  contractors. 

We  see,  therefore,  that  there  is  a  limit  to  be  set  to  the  operations  of  rein- 
forced concrete  contractors,  if  they  wish  to  continue  to  maintain  their  reputa- 
tions. That  limit  is  the  amount  of  efficient  labour  that  can  be  obtained.  Also 
it  becomes  increasing-ly  obvious  that  while  the  specialist  contractor  will  probably 
remain,  the  execution  of  reinforced  concrete  work  by  others  will  become  more 
g-eneral,  because  there  is  sufficient  room  for  superior  talent  in  the  carrying-  out 
of  the  work  that  the  ordinary  building  contractor  will  in  time  become  more  and 
more  accustomed  to  its  execution,  and  the  majority  of  the  simple  jobs  will  be 
carried  out  by  him.  That  will  probably  result  in  a  gradual  change  in  the 
method  of  designing  work,  and  the  specialist  designers  will  develop  from  being 
so  closely  connected  with  trade  into  more  or  less  consulting  engineers,  then 
the  trouble  of  excessive  duplication  of  labour  in  designs  will  automatically 
cease  also. 

The  great  thing,  therefore,  for  specialist  contractors  to  strive  against  is 
the  insidious  manner  in  which  by  the  growth  of  their  businesses  they  may 
devolve  from  good  to  inferior  and  bad  work.  It  is  hard  to  set  oneself  against 
taking  on  work  when  it  is  offered,  and  to  continue  to  have  a  small  output  and 
make  a  regular  profit  year  after  year  when  it  appears  so  easy  to  increase  ;  but 
that  will  be  the  most  effectual  procedure  in  the  end.  They  should  make  up 
their  minds  to  carry  out  only  a  certain  amount  of  work  which  they  have  the 
staff  capable  of  doing,  and  see  that  they  get  proper  prices.  If  they  do  that 
they  will  not  need  to  complain  of  excessive  cutting  of  prices,  and  they  will  be 
able  to  go  on  in  a  profitable  business,  whereas  the  opposite  road  leads  to 
continual  striving  to  increase  the  output  and  cheapen  the  production  so  as  to 
enable  undercutting.  This  tends  in  a  short  while  surely  to  reduce  the  profits 
for  everyone,  and  to  bring  the  rates  down  to  such  a  point  that  few  can  do  good 
work  and  make  a  profit.  It  has  been  proved  in  general  contracting  work  that 
such  a  policy  is  a  foolish  one,  because  a  few  firms  are  quite  unable  in  the  build- 
ing and  engineering  industries  to  freeze  out  their  rivals  and  secure  a  monopoly; 
a  combine  is  quite  impossible  in  these  trades.  Therefore  everyone  in  the  end 
loses  by  such  undercutting.  If  the  specialist  contractors  are  wise  they  will  be 
careful  not  to  undercut,  but  to  maintain  a  fair  price  for  good  work,  or  refuse 
to  do  work  too  cheaply  with  its  natural  degeneration  into  shoddy  work.  In  the 
end  the  public  will  appreciate  that  good  work  must  be  paid  for,  and,  fortunately, 
the  engineering  and  architectural  professions  are  pretty  well  aware  of  it ;  at 
any  rate,  the  leading  members  know  what  is  good  work,  and  they  are  prepared 
to  back  the  firms  that  do  it. 

As  regards  the  general  .outlook,  of  course,  it  is  an  advantage  if  the  cost  of 
reinforced  concrete  work  can  be  reduced,  because  it  will  lead  to  increasing  use 
of  this  method  of  construction,  and  be  to  the  advantage  of  the  public,  but  that 
reduction  in  cost  must  be  obtained  in  a  true  spirit  of  economy  by  the  reduction 
in  the  amount  of  labour  and  materials,  due  to  the  provision  of  superior  methods 
and  materials,  and  of  more  scientific  design  and  execution,  and  not  by  under- 
cutting,  shoddy  workmanship,   and  poor  materials. 
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REINFORCED  CONCRETE  AND  GAS  WORKS. 

A  CONSIDERABLE  time  buck  \vc  puljlisliL'd  particulars  of  some  large  new  gas- 
works at  Copenhagen,  in  the  construction  of  which  reinforced  concrete  had  been 
utilised  in  a  comprehensive  manner. 

We  have  had  an  opportunity  recently  of  studying  the  application  of  this 
material  at  another  great  modern  gasworks — namely,  that  of  Genevilhers,  near 
Paris — and  with  these  two  examples  before  us,  we  ha\-e  come  to  the  conclusion 
that  both  for  practical  and  economic  reasons  no  material  can  possibly  lend  itself 
better  to  this  particular  class  of  constructional  work  than  reinforced  concrete. 

We  therefore  take  this  opportunity  of  pointing  out  to  our  many  engineer 
leaders  who  hold  municipal  appointments  that  the  application  of  reinforced 
concrete  to  this  particular  form  of  municipal  undertaking  must  be  greatl}'  in 
the  interests  of  the  communities  they  serve. 

\\'here  such  municipal  gasworks  are  erected  or  extended  %\ith  money  obtained 
under  loan  on  the  certificate  of  the  Local  Government  Board,  we  realise  that, 
owing  to  the  conservative  attitude  of  that  body  versus  this  modern  construc- 
tional material,  difficulties  are  likely  to  arise  as  to  the  loan  period,  but  we  think 
that  these  difficulties  would  probably  not  be  so  great  with  work  abo\'e  ground 
as  in  the  case  of  gasworks,  as  perhaps  with  structures  below  ground  and  subject 
to  the  continual  application  of  water. 

In  any  case,  we  think  that  this  subject  is  one  that  requires  the  attention 
of  engineers  and  managers  controlling  gasworks  as  a  purely  economical  and 
practical  problem,  and  that  the  Institution  of  Gas  Engineers  would  be  well 
advised  to  take  up  the  matter  seriously,  and  if  possible  to  obtain  some  definite 
assurance  from  the  Local  Government  Board  as  to  the  principles  they  are  likely 
to  apply  on  the  question  of  the  loan  period  where  reinforced  concrete  is  used 
in  gasworks. 

We  would  not  deal  with  this  matter  so  emphatically  were  it  not  for  the  fact 
that  very  large  sums  of  money  are  being  annually  wasted  by  the  ratepayers  of 
the  United  Kingdom  in  utilising  unnecessarily  expensive  methods  of  building 
construction,  where  reinforced  concrete  would  be  equally  or  more  economical, 
and  it  behoves  every  public  authority  to  put  a  stop  to  such  unnecessary  waste. 
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ADDITIONS     TO     THE 
HOTEL  CECIL,  STRAND. 


-  ;ife>r/;/ 


The  alterations  to  the  Hotel  Cecil  entailed  some  -very  interesting  features  from  the 
constructional  point  of  •vieiu,  and  the  account  yii/en  beloiv,  iDhich  nvas  prepared  for  us 
by  Mr.  Albert  Lakeman,   Hon. -Medallist  Construction,   is  "worthy  of  attention. — ED. 


Extensive  alterations  and  additions  have  been  practically  completed  at  the 
above  from  the  designs  of  Mr.  E.  Keynes  Purchase,  F.R.I.B.A.,  and  some 
interesting-  construction  has  been  executed  owing  to  the  difficulty  of  dealing 
with  the  existing  work.  The  new  work  includes  the  formation  of  two  large 
palm  C(jurts,  which  occupy  about  two-thirds  of  the  old  court}ard  adjoining 
the  Strand,  and  in  addition  new  manager's  offices,  service  rooms  and  cloak 
rooms  have  been  constructed. 

The  general  scheme  is  illustrated  in  the  plan  shown  in  F;V.  2,  which 
up  the  east  and  west  blocks,  and  this  is  built  in  Portland  stone  with  Ionic 
columns  and  carved  pediment,  and  Hve  large  openings  are  formed  for  entry 
to  the  grand  vestibule,  banqueting-rooms  and  luggage  room.  The  grand 
vestibule  measures  48  ft.  by  24  ft.  and  has  a  height  of  ih  ft.,  and  from  this 
access  is  had  to  the  lower  palm  court,  the  restaurant  corridor,  and  a  wide 
covered  way  leading  to  the  south  block  of  the  hotel.  The  lower  palm  court  is 
a  very  fine  room,  measuring  90  ft.  long  by  45  ft.  and  32  ft.  high,  and  at 
right  angles  to  this  and  adjacent  to  the  south  block  is  the  upper  palm  court, 
whicli  is  120  ft.  long,  with  an  average  width  of  30  ft.  The  latter  has  the 
fioor  level  4  ft.  above  the  lower  palm  court,  and  the  two  are  connected  w  ith 
three  large  arched  openings  with  a  wide  staircase  in  the  central  one. 

The  general  scheme  is  illustrated  in  the  plan  shown  in  Fif:^.  2,  which 
also  gives  the  relation  of  the  new  work  to  the  old.  The  principal  entrance  to 
the  hotel  prior  to  the  commencement  of  the  work  was  situated  in  the  centre 
of  the  north  wall  of  the  south  block,  and  as  this  was  enclosed  by  the  new 
construction  it  became  necessary  to  form  a  temporary  entrance  and  reception- 
room  at  the  lower  end  of  the  courtyard  next  the  Strand.  This  temporary 
reception-room  had  a  maximum  length  of  36  ft.  6  in.  and  a  maximum  width  of 
20  ft.,  with  a  height  of  about '15  ft.,  and  the  walls  were  constructed  entirely  of 
hollow  pumice  concrete  slabs  4  in.  thick  plastered  on  the  inside  and  rendered  on 
the  outside  with  fine  washed  sand  and  Portland  cement  jointed  to  imitate  stone. 
After  this  room  was  constructed  a  hoarding  was  erected  between  the  east  and 
west  blocks,  and  the  whole  of  the  upper  part  of  the  courtyard  was  gi\en  up  to 
the  building  operations. 

The  foundations  for  the  new  palm  courts  presented  some  little  difficulty, 
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owing    to    the    fact    that    the    space 
below  the  courtyard  is  occupied  by 
various    deparl  nii'nls    of     the    hotel 
entered  from  tin-  ICinbanknient  level, 
which    is    about    30    ft.    below    the 
Strand  level   at   this  point.      These 
departments  comprise   the   laundry, 
engine-rooms,    Ixjiler-rooms,    bake- 
houses, carpenters'  shops,  and  other 
similar  oflices,   and  it  meant  bring- 
ing heavy  loads  over  these  rooms  in 
such      a     manner     as      would      not 
endanger   the    substructure,    and   at 
the  same  time  allow  the  business  of 
the  hotel  to  proceed.      The  plan  in 
Fig.    5    illustrates    the    line    of    the 
walls  below  the  courtyard,  and  also 
the  relative  position  of  the  new  work 
above.       These     sub-buildings     are 
arranged    with    a    central    roadway 
20  ft.  wide,  which  extends  right  up 
to   the    underside   of   the   courtyard 
and   is  finished   at  the  top  with  an 
18  in.  brick  arch  across  the  span  of 
20  ft.     This  arch  has  its  abutments 
on  the  side  walls,  which  are  nearly 
3   ft.    thick,    and  at  right   angles  to 
these     walls     others     of     a     similar 
thickness  run  back  on  either  side  to 
the  face  of  the  east  and  west  blocks 
respectively,     forming     large     com- 
partments   about   22    ft.    wide,    and 
these   are    also   finished    at   the   top 
with    arches    18    in.    thick    at    right 
angles    to    the    main    arch.      These 
compartments  are  divided   into  two 
heights  by  an  intermediate  floor. 

The  weights  from  the  new 
superstructure  were  concentrated  at 
certain  definite  points  by  the  stan- 
chions, and  it  was  obviously  insuffi- 
cient to  place  these  loads  on  the 
arches  themselves,  and  the  only 
satisfactory  method  was  that  of 
transmitting  the  weight  to  the  lower 
walls  direct  and  distributing  it  over 
such  an  area  so  as  not  to  exceed  the 
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s;il\'  load  on  tlu'  l)ri(k\\oik.  This  latter  was 
found  to  be  hard  i)ri(k\\  ork  and  in  t^ood 
condition,  and  the  j^reat  thickness,  tcjg'cther 
with  the  g-o(xl  condition,  allowed  this  to  be 
doac. 

A  system  of  grillage  beams  was  adopted 
Consisthig-  of  a  top  layer  of  three  rolled-steel 
joists  parallel  to  the  main  walls  of  tlie  pahn 
court,   wliich   actually  carried   the   stanchion 
and    wall    loads,    and   these    were    supported 
at    the    ends    by    a    bottom    laver    of    three 
similar    joists    placed    at    right    angles    and 
resting   on    a    thick   bed    of   concrete   placed 
between  the  haunches  oi  the  side  arches  and 
directly  over  the  walls  beneath.     As  will  be 
seen  in  tiie  section  illustrated  in  F/^'-.  3,  the 
top  la}er  beams  were  kept  quite  clear  of  the 
crowns  of  the  arches  and   no   pressure   was 
allowed  to  come  upon  these.    Web  stiffeners 
were  provided   in  the   top  layer  beams   and 
bolts   and   distance   pieces   were   put   to   the 
^  §     bottom   layer  beams   and   the   whole   of   the 
g  y     steelwork  was  enveloped  in  cement  concrete, 
5  H     having  a  minimum   covering  of  2    in.      The 
•2  ^     size  of  the  steel  beams  varied  from  14  in.  bv 
[fl   o     (>  in.   to  24  in.   by  ~l  in.,  and  tlie  length  of 
^  5     the  bottom  layer  was    i(y  ft.    in   some  cases 
^  <     in  order  to  distribute  the  load  over  a   suffi- 
cient area.     The  greater  portion  of  the  foun- 
dation work  was  executed  in  sections,  while 
the  courtyard  was  kept  open  for  traffic,  and 
this  rendered  the  work  more  dilTicult. 

In  the  superstructure  itself  brick  walls 
18  in.  thick  were  employed,  with  a  concrete 
slab  lining  4  in.  thick  placed  on  the  inside 
of  same  with  a  2-in.  cavity  between,  the 
object  being  to  present  a  perfectlv  dry  sur- 
face on  the  interior  for  the  application  of 
the  fibrous  plaster  decoration,  while  the 
loads  were  carried  by  compound  steel 
stanchions  placed  generally  at  19-ft.  centres. 
These  stanchions  carried  the  ends  of  the 
main  roof  girders,  which  have  a  span  of 
4(1  ft.  6  in.  across  the  ful'  width  of  the  palm 
court. 

The  stanchions  were  composed  of  one 
12-in.    by    h-in.    by    44-lb.    R.S.J,    and    two 
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12-in.  by  j-in.  plates,  the  total  height  being  over  33  ft.,  while  the  main  roof 
girders  were  built  up  with  two  24-in.  by  7j-in.  R.S.J,  and  four  i6-in.  by  ^-in. 
plates,  this  giving  a  girder  only  2  ft.  2  in.  deep,  which  was  an  important 
consideration,  as  a  flush  ceiling  was  required  in  the  courts  and  a  very  deep 
girder  would  have  entailed  a  certain  loss  in  height.  These  girders  weighed 
over  7  tons  each,  and  as  the  space  for  working  was  very  limited  and  no  crane 
was  available  their  great  length  necessitated  some  care  in  raising.  The  roof 
itself  was  constructed  with  hollow  Siegwart  beams,  as  these  obviated  the 
necessity  for  any  centering,  and,  in  addition,  were  brought  to  the  site  quite 
dry,  and  thus  saved  a  great  deal  of  moisture  from  being  introduced  into  the 
building.      These  beams   had   an   average   span   of    10   ft.    with   a   thickness   of 
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Fig.  4.     Cross  Section. 
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4J  in.,  and  they  were  carj'ied  by  12-in.  by  6-in.  R.S.J,  placed  at  right 
angles  to  the  main  compound  roof  girders  previously  described  and  framed  into 
them.  The  beams  were  required  to  carry  an  external  load  of  112  lb.  per  ft. 
super,  and  a  beam  tested  on  the  site  was  loaded  up  to  784  lb.  per  ft.  super 
before  any  signs  of  failure  occurred,  and  at  this  point  a  small  shear  crack 
occurred  at  one  end.  Fine  concrete  screeding  was  placed  on  the  top  of  the 
beams  when  in  position  and  the  whole  covered  with  asphalt. 
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The  most  difficult  portion  of  the  superstructure  work  was  that  in  the 
centre  of  the  upper  palm  court  next  the  south  block.  A  large  stone  porch 
over  60  ft.  long  and  30  ft.  high  existed  at  this  point  and  carried  on  the  top 
of  same  was  a  photographic  studio.  The  new  scheme  necessitated  the  removal 
of  the  porch  while  the  studio  was  allowed  to  remain,  and  an  elaborate  system 
of  shoring  was  required  to  uphold  this  during  the  removal  of  the  stonework 
and  the  insertion  of  two  main  girders  which  passed  right  through  the  studio 
floor  to  bear  on  the  main  wall  of  the  south  block.  The  two  extreme  corners 
of  the  studio  are  now  carried  on  compound  steel  stanchions  which  have 
their  base  plates  resting  on  the  large  compound  steel  girders  which  originally 


Fig.  6,     Roof  of  Palm  Courts. 
Additions  to  the  Hotel  Cecil. 


carried  the  end  stone  piers  of  the  porch.  The  interior  of  the  palm  courts  will 
be  finished  with  fibrous  plaster  decoration  in  the  style  of  Louis  XI\'. ,  and  the 
floor  will  be  polished  Austrian  wainscot  oak. 

Of  the  alterations  in  the*  existing  buildings,  the  most  interesting,  from  a 
constructional  point  of  view,  was  that  of  the  formation  of  new  service  rooms 
on  the  ground  floor  of  the  south  block  for  use  in  connection  with  the  restau- 
rant. The  building  of  the  upper  palm  court  necessitated  the  removal  of  the 
old  service  rooms,  and  it  was  decided  to  convert  three  rooms  which  were 
situated  on  the  east  side  of  the  restaurant  kitchen.  To  provide  communication 
between    the   kitchen    and   the   new    service    rooms   it    was   decided    to   cut    an 
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opening^  aboui  lo  ft.  u  i(ic  ;iik1  y  ft.  hig-h  in  an  i8-in.  brick  wall  which  divided 
the  two  and  extended  for  the  full  height  of  the  south  block,  a  distance 
of  over  I  GO  ft.  from  tlie  ground  floor  level.  Upon  the  removal  of  some  marble 
lining  at  this  point  it  was  found  that  a  serious  crack  existed  in  the  brick- 
work, apparently  due  to  some  kind  of  settlement.  A  large  opening  occurred 
in  the  wall  in  tlie  American  bar  situated  on  the  flcKjr  below,  and  upon  calculation 
it  was  found  that  an  enormous  load  was  carried  over  this  opening  due  to 
several  weights  brought  on  to  the  wall  at  higher  points  in  the  building,  and 
fears  were  entertained  that  the  existing  girders  over  this  opening  were  insuffi- 
cient and  that  deflection  had  occurred.     Upon  the  exposure  of  the  work  at  the 


Fig.  7.     Bean.  Casing  and  Hangers. 
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head  (jf  the  opening  it  was  found  that  the  whole  load  was  carried  by  two 
i6-in.  by  6-in.  R.S.J.,  which  were  theoretically  absolutely  unsafe. 

The  position  of  the  proposed  new  opening  between  the  new  serv^ice  room 
and  the  kitchen  on  the  floor  above  was  such  that  a  great  amount  of  extra 
weight  would  be  di\erted  in  such  a  manner  as  to  bring  it  directly  over  this 
opening  in  the  American  bar,  and  consequently  it  was  unsafe  to  proceed  until 
some  method  of  strengthening  the  latter  opening  was  adopted.  A  steel  frame 
was  therefore  designed  to  place  inside  the  opening,  consisting  of  two  compound 
girders  20  in.  deep  at  the  head,  resting  on  a  compound  steel  stanchion  at 
either  end.  which  in  turn  were  supported  on  two  compound  girders  2  ft.  9  in. 
deep  designed  to  spread  the  load  in  such  a  manner  on  the  existing  brick  wall 

172 


E 


OONSmOCTK^AL 


ADDITIONS  TO   THE  HOTEL  CECIL. 


below  as  not  to  exceed  the  safe  load  per  square  foot.  After  the  steel  frame 
was  inserted,  steel  folding-  wedges  were  inserted  between  the  new  compound 
girders  and  the  existing  i6  in.  by  6-in.  R.S.J.,  to  make  sure  of  taking  all  the 
load,  and  then  the  ends  of  the  old  steel  joists  were  cut  off  and  a  stanchion 
erected  on  the  new  frame  to  receive  the  load  coming  from  the  girders  at  the 
head  of  the  new  opening  on  the  floor  above.  After  the  insertion  of  the  steel- 
work the  new  opening  was  safely  cut  and  the  whole  operation  carried  out 
without  any  shoring  inside  the  building  whatever.  The  execution  of  the  work, 
however,    required    some    careful    organisation,    as    the    new    steelwork    itself 


Fig.  8.     General  view  of  steelwork. 
Additions  to  the  Hotel  Cecil. 


weighed  over  21  tons,  and  the  whole  of  this  had  to  be  raised  from  the  Embank- 
ment level,  about  30  ft.,  and  passed  through  small  existing  window  openings. 

The  only  space  available  for  working  at  the  Embankment  level  was  an 
area  about  8  ft.  wide  situated  between  the  hotel  and  the  Embankment  gardens, 
and  this  being  partially  occupied  by  water  tanks,  etc.,  it  was  necessary  to  form 
a  temporary  timber  roadway  over  them  for  the  passage  of  the  steelwork. 

The  contractors  for  the  whole  of  this  work  are  the  Building  Construction 

•73 


ADDITIONS   TO   THE  HOTEL  CECIL. 


[CQNCBETEJ 


Company,  of  Corkspur  Street,  and  the  steelwork  was  supplied  by  Messrs.  Drew, 
Bear,  Perks  8c  Co.  All  the  dormer  windows,  skylight  aprons  and  curbs  were 
formed  of  /)/  situ  concrete  by  the  Siegwart  Fireproof  Floor  Company,  whose 
system  of  roofing  was  also  adopted. 


Fig.  9.     Steel  over  Upper  Palm  Court. 
Additions  to  the  Hotel  Cecil. 
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BASED    ON    THE    SECOND    REPORT     OF    THE 
ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

By  HARRY  JACKSON.  A.M.Inst.C.E..  A.R.S.M.,  etc. 

We  are  constant^  gixiing  our  readers  articles  on  different  methods  of  designing  reinforced 
concrete  ivork,  and  ive  think  the  present  one  dealing  luith  the  design  of  reinforced 
concrete  columns  should  be  useful  to  all  students  and  others  connected  "with  this  mode 
of  construction. — ED.  

When  a  reinforced  concrete  column  is  subjected  to  a  load,  it  is  clear  that  both 
the  concrete  and  the  steel  in  the  longitudinal  bars  are  compressed,  although  the 
amount  is  very  small.  The  assumption  is  made,  on  good  grounds,  that  the 
amount  of  compression  is  the  same  in  the  concrete  as  in  the  steel. 

The  force  required  to  compress  the  steel  a  given  amount,  as  compared  with 
the  force  required  to  compress  the  concrete  an  equal  amount,  depends  upon 
their  respective  areas  and  upon  the  ratio  of  their  moduli  of  elasticity.  Taking 
this  ratio  of  moduli  of  elasticity  as  15,  the  resisting  force  in  the  steel  for  an  equal 
area  would  be  15  times  that  of  the  concrete.  Hence,  if  the  working  stress  on 
the  concrete  is  that  shown  in  column  i  of  Table  I.,  the  working  stress  in  the 
steel  will  be  that  shown  in  column  2. 


TABLE  I. 
Showing  Relation  between  the  Working  Stress  on  Concrete  and  on  Steel 

IN  Longitudinal  Bars. 

Working  Stress 

on  the  Concrete  in 

lb.  per  sq.  in. 

Corresponding 

Working  Stress  on  Steel  in 

lb.  per  sq.  in. 

Working  Stress 

on  the  Concrete  in 

lb.  per  sq.  in. 

Corresponding 

Working  Stress  on  Steel  in 

lb.  per  sq.  in. 

600 
700 
800 

850 

9,000 
10,500 
12,000 
12,750 

900 
1,000 
1,100 

13,500 
15,000 
16,500 

The  Committee  of  the  Royal  Institute  of  British  Architects  recommends  that 
the  steel  should  not  be  stressed  to  a  greater  amount  than  15,000  lb.  per  sq.  in., 
and  it  will  be  seen,  therefore,  than  unless  the  concrete  can  be  stressed  to 
I ,,000  lb.  per  sq.  in.,  the  steel  will  not  be  used  as  economically  as  it  might, 
for  with  a  given  load  the  stress  per  sq.  in.  on  the  steel  being  lower,  more  steel 
would  be  required.      For  example  : — 

If  a  column  were  9  in.  square  (measured  over  the  longitudinal  bars),  and 
had  four  bars  each  if  in.  diameter,  the  concrete  alone  at  700  lb.  per  sq.  m. 
would    sustain    (9  x  9)  x  700- (4  x  i '227)  x  700=        ...  53,270  lb.  =  23"8  tons. 

The  steel  alone  at  15x700  (10,500  lb.)  would  sustain 

4x1-227x10,500=        55.450  ^b.  =  247  tons. 

io8,72olb.  =48-5  tons. 


175 


HARRY  JACKSON.  [CDNCKETEj 

But  suppose  by  some  means  the  concrete  is  made  to  withstand  a  working 
stress  of   i, coo  lb.,   then  the  concrete  would  sustain 

(9  X  9-4  X  1-227)  X  1, 000=  76,1001b.  =34    tons. 

The  steel  would  sustain  4  X  1227  X  15,000=     ...  73,500  lb.  =328  tons. 

149,600  lb.    =   668  tons. 


That  is,  for  the  same  cross-section  of  column  the  load  carried  would  be 
increased  ig2  tons,  or  40  per  cent.  ;  and  the  same  steel  will,  without  any 
alteration  in  area  or  form,  sustain  S'l   tons  more  than  in  the  first  case. 

Put  in  another  form,  it  may  be  considered  thus  :  Suppose  a  column  has 
to  sustain  a  load  of  66"8  tons.  If  the  concrete  can  be  so  made  or  strengthened 
that  it  will  sustain  a  crushing  load  of  1,000  lb.  per  square  in.,  a  cross-section 
of  II  in.  square  would  suffice — that  is,  9  in.  over  the  longitudinal  rods  and  i  in. 
at  each  side  of  the  rod  extra. 

If,  however,  the  concrete  can  only  sustain  700  lb.  per  square  in.,  then 
with  the  same  longitudinal  rods  a  section  of  135  in.   square  would  be  required. 

It  is  clear,  therefore,  that  if  by  any  means  the  working  stress  on  the 
concrete  can  be  increased  to  1,000  lb.,  the  working  stress  on  the  steel  will  be 
15,000  lb.,  which  is  the  maximum  allowable,  and  considerable  saving  both 
in  concrete  and  steel  will  ensue. 

This  saving  in  cost,  however,  is  not  nearly  so  important  in  many  cases 
as  saving  of  floor  space,  the  columns  for  a  five  or  six  stories  building  becoming 
very  large  unless  the  fullest  value  of  the  concrete  and  the  steel  is  made  use  of. 

There  are  two  ways  in  which  the  resistance  of  the  concrete  can  be  in- 
creased :  (i)  By  increasing  the  richness  of  the  mixture,  thereby  increasing  its 
resistance  to  crushing ;  (2)  by  providing  support  to  the  concrete  by  means  of 
lateral  bindings. 

To  obtain  the  increased  resistance  by  the  first  method  requires  an  ex- 
ceedingly rich  mixture ;  in  fact,  with  a  mixture  of  one  cement,  one  sand,  and 
two  shingle  or  broken  stone,  the  stress  allowable  is  only  900  lb.  per  square  inch. 

The  second  method,   however,  provides  a  ready  method  of  increasing  the 
compressive  stress.      Using  the  notation  of  the   R.I.B.A.    report,   where 
cp  =  the  working  compressive  stress  in  plain  concrete  in  lb.  per  square  inch. 

c  =  the  safe  compressive  stress  on  the  hooped  core,  in  lb.  per  square  inch. 

f—a.   Form  factor  of    1,  075   or  0*5,   depending  upon  whether  the  bindings  are 
helical,  circular  hoops,  or  rectilinear. 

s  =  a  spacing  factor  or  constant  which  varies  with  the  pitch  of  the  lateral,  bindings. 
Vh  =  Volume  of  hooped  reinforcement  in  cubic  inches. 

y  =  Volume  of  hooped   core  in   cubic  inches  measured    for   the    same    length    of 
column  as  Vh. 

^~~y  —the  ratio  of  volumes,  i.e.,    the   ratio    of   the   volume  of    the    helical  or 
horizontal  reinforcement  to  the  volume  of  the  hooped  core. 

Then  c  =  c/' (l+/sr)  Equation  1. 

Of  these,  cp  is  known  for  any  particular  mixing  of  concrete;  /  is  given 
above;  r  is  obtained  from  the  volumes  Vh  and  V ,  which  depend  upon  the  cross- 
section  of  the  binding  wires,  the  cross-section  of  the  column,  and  the  pitch  of 
the  lateral  bindings.      The  value  5  is  obtained  from  the  equation 
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So  that  with  any  particular  diameter  of  round  column  or  side  of  square  column 
and  a  particular  pitch  of  binding  wire,  it  is  necessary  to  calculate  5  from  equa- 
tion  2   before  c  can  be  obtained   from   equation    i. 

This  has  been  done  in  Table   II.    for  columns  of  diameters  from  3  in.   to 
12  in.,  and  for  pitches  from  i^  to  8  in. 

TABLE   II. 
Hooped  Columns. 

Value  of  s=48-8o2..        Value  of  p=:(the  pitch). 
a 


Diameter 
-  of 
Column. 

Jin. 

I  in. 

ij  in. 

li  in. 

if  in. 

2  in. 

2i  in. 

3  in. 

4  in. 

5  in- 

6  in.    7  in. 

8  in. 

3  in. 

35 

21 

15 

8 

I 

0 

- 

- 

- 

— 

-     - 

— 

4  in. 

38 

28 

23 

18 

13 

8 

0 

- 

- 

— 



— 

5  in. 

40 

32 

28 

24 

20 

16 

8 

0 

— 

1  — 

-     - 

— 

6  in. 

41 

35 

31 

28 

25 

21 

15 

8 

0 

— 

—     - 

- 

7  in. 

42 

36 

34 

31 

28 

25 

19 

14 

2 

- 

—     — 

— 

8  in. 

43 

38 

35 

32 

30 

28 

23 

18 

8 

1   0 

—     — 

- 

9  in. 

43 

39 

37 

35 

32 

30 

26 

21 

12 

3 

-     — 

- 

10  in. 

44 

40 

38 

36 

34 

32 

28 

24 

16 

8 

0     — 

- 

II  in. 

44 

41 

39 

37 

35 

33   ■ 

30 

26 

19 

1  12 

4       0 

- 

12  in. 

44 

41 

40 

38 

36 

35 

31 

28 

21 

15 

8 

0 

It  is  laid  down  by  the  R.I.B.A.  that  5  shall  not  be  taken  as  more  than 
^2,  althoug"h  the  reason  is  not  very  clear,  and  consequently  we  see  at  once 
from  the  Table  II.  that  the  minimum  pitches  allowable  for  particular  sizes  of 
hooped  cores  are  as  in  Table   III. 

T.ABLE   III. 

Minimum  Pitch  or  Distance  apart  of  L.^terals  for  Particular  Diameters  of  Colu.mns  (Hooped  Core, 

Measured  to  the  Outside  of  Longitudinal  Rods). 


Diameter  of  Column. 


3  m. 

4  in. 

5  in. 

6  in. 

7  in. 


Diameter  of  Column. 


Minimum  Pitch  allowable. 


8  in. 

9  in. 

10  in. 

11  in. 

12  in. 


li  in. 
i|  in. 


2i  in. 


Having-  obtained  s,  it  is  next  necessary  to  find  the  value  of  r.  This 
depends  not  only  upon  the  pitch  of  the  lateral  bindings,  but  also  on  the  cross- 
section  of  the  same.  These  particular  sizes  are  taken  for  the  following  tables, 
namely  : — 

Imperial  Wire  Gauge  (I.W.G.)  No.  10  :   i  in.  dia.  = '128  in.  area  (a)  = '01287  sq.  in. 

No.  6;  fVin.  dia.  =  '192in.      „         =-029sq.in. 
„  „  „  No.  3  ;     J  in.  dia.  =  '250  in.      „  ='050sq.  in. 

and  the  particulars  for  each.of  these  are  indicated  by  the  following  letters  :  — 

I.W.G.  No.  10  ...  A 

I.W.G.  No.  6  B 

I.W.G.  No.  3  C 

Whether  the  column  is  round  or  square — 

Vh 

^  4a 
dp 
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For   in   the   case   of   a   round   column,    taking-   a   length   of   column    equal   to   p 
(the  distance  between  two  consecutive  laterals), 

—  '  ''  =r  _  ^^'^    =  1^ 

V  ~d^z.^p     dp 
4 

For   square  columns — 

_  Vh_aX4Xd_4a 
V  d-p  dp 

The  values  of  r  for  the  particular  columns,   pitches,   and  areas  of  binding 
wires  taken  are  gi\"en  in  Table  IV. 

TABLE  IV. 


Value  of  r='^'''- 
dp 


Hooped  Round  or  Square  Columns. 

(  I.W.G.  10,  dia.  l-in.  =  ^i28  in.  ;  a=^oi287  (A). 
Value  of  a=  -  I.W.G.  6,  dia.  ,^f;-in.  =  -i92  in.  ;  a=-029  (B). 

I  I.W.G.  3,  dia.  i-in.  =  ^25  in.  ;  a  =  -o5o  (C). 
Values  of  jt>=  Pitch  of  Lateral  Binding  Wire. 


Diameter 

of 
Column. 

Particu- 
lars of 
Laterals. 

iin. 

I  in. 

I]  in. 

1}  in. 

i|  in. 

2  in. 

2j  in. 

3  in- 

4  in. 

5  in- 

6  in. 

7  in. 

3  in. 

A 
B 

■034.3 
■0773 
■1334 

•0172 
•0386 
•0668 

•0137 
•0310 
•0534 

•01 14 
•0258 
•0445 

•0098 
•0221 
•0381 





- 



— 

— 

- 

4  in. 

A 
B 

c 

•0257 

•058 

•100 

•0129 
•0290 
•0500 

■0103 
•0232 
•0400 

•0086 
•0193 
•0334 

•0074 
■0166 
•0286 

•0064 
■0145 
•0250 

- 

- 

■ 



- 



5  in. 

A 
B 
C 

— 

•0103 
•0232 
•0400 

•0082 
•0186 
•0320 

•00687 

■0155 

•0267 

•0059 
•0132 
•0229 

•0052 
•0116 
•0200 

•00412 

•0093 

•0160 

- 

- 

- 

- 



6  in. 

A 
B 
C 

- 

- 

•0068 
•0155 
•0267 

■0057 
•0129 
•0228 

•0049 
•0110 
•0190 

■0043 
•0097 
•0167 

•0035 
•0077 
•0133 

•00286 
•00645 

•OlII 

■ 

7  in. 

A 
B 
C 

E 

E 

— 

•00491 
•01 1 1 
•0191 

•0042 
•0095 
•0163 

•00368 

•0083 

■0143 

•00294 

•0066 

•0114 

•00245 

■0055 

•0095 

•00184 
•00415 
•00715 

- 

- 

- 

8  in. 

A 
B 
C 

- 

- 

— 

•00429 
•00967 
•0167 

•00368 
•00830 
•0143 

•00322 
•00726 
•0125 

•00257 
•00581 

•OIOOO 

•00215 
•00483 
•00832 

•00161 
•00363 
•00626 

- 

9  in. 

A 
B 
C 

E 

- 

•00382 
•00860 
•0148 

•00327 
•00737 

•0127 

•00286 
•00644 

•Olio 

•00229 
•00516 
•0089 

•00191 
•00430 
•00741 

•00143 
•00323 
•00556 

•001 14 
•00258 
•00445 





lo  in. 

A 
B 
C 

— 

- 

— 

- 

— 

•00257 
•00581 
•oiooo 

•00206 
•00464 
•00800 

•00172 
•00387 
•00667 

•00129 
•00290 
•00500 

•00103 
•00232 
•00400 

- 

II  in. 

A 
B 
C 

— 

— 

— 

— 

— 

•00234 
•00528 
•00910 

•00187 
•00422 
•00727 

•00156 
•00352 
•00606 

•001 17 
•00264 
•00454 

•00094 
•002 1 1 
•00364 

•00078 
•00176 
•00303 



12  in. 

A 
B 
C 

- 

- 

- 

- 

= 

= 

•00173 
•00387 
•00667 

■00143 
•00322 
•00556 

•00107 
■00242 
•00417 

•00086 
•00193 
•00333 

•00072 
•00161 
•00278 

•00061 
•00138 
•00238 

XoTE. — The  rows  of  figures  opposite  .\  are  for  laterals  of  I.W.G.  No.  10  ;  B  are  for  laterals  of  I.W.G.  \o.  6; 
C  are  for  laterals  of  I.W.G.  No.  3. 

It  will  be  seen  that  values  of  r  have  not  been  inserted  for  pitches  less  than 
the  minimum  shown  in  Table  III.  lor  particular  columns,  as  the  R. I.B.A.  rules 
prohibit  the  use  of  these  pitches  with  the  columns  in  question. 

We  have  now  obtained  all  the  values  required  by  Equation  i  to  enable  c  to 
be  found  for  the  particular  columns  taken. 

Inserting-  these  values,  we  get  in  Table  \\  the  values  of  [i+/5r]  for  routid 
columns,  and  in  Table  \  1.   for  square  columns. 
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Value  of  [i+fsr]. 


REINFORCED  CONCRETE  COLUMNS. 

ROUND    COLUMNS    WITH    SPIRAL    BINDINGS. 

TABLE  V. 
Circular  Hooped  Columns  (Spirally  Wound). 

(  I.W.G.  Xo.  lo,  E  in.  =  -128  in.  dia.  ;  a=-oi287  (A). 
Laterals  -  LW.G.  No.  6,  ,^b  in. =  -192  in.  dia. ;  a=-029  (B). 
I  LW.G.  Xo.  3,  i  in.  =  -25  in.  dia.  ;  fl=-050  (C). 
Values  of  [i+fsr]  for  laterals  having  pitch  of  J  in.  to  7  in. 


Diameter 

of 
Column. 

Particj- 

lars  ct 

Laterals. 

iin. 

I  in. 

ij  in. 

ij  in. 

1}  in. 

2  in. 

2iin. 

3  in. 

4  in. 

5  in. 

6  in. 

7  in. 

3  in. 

A 
B 
C 

1-20 

3-705 

4-969 

1-361 
1-811 
2-402 

1-205 
1-465 
1-800 

I -09 1 

I-206 

1-356 

I-OIO 

1-022 
1-038 

- 

- 

E 

- 



4  in. 

A 

B 
C 

1-977 
1-204 
4-800 

1-361 
1-812 
2-400 

1-237 
1-534 
1-920 

1-155 
1-348 
1-601 

I -096 
1-215 
I-37I 

1-051 
IT16 
1-200 

— 

- 

— 

IZ 

5  in. 

A 
B 
C 

—  1-340 

—  1-742 

—  2-280 

1-230 
1-521 
1-896 

1-165 
1-372 
I-64I 

i-ii8 
1-264 
1-458 

1-083 
1-186 
1-320 

1-033 
1-075 
I-I28 

- 

- 

- 

- 



6  in. 

A 

B 
C 

—           — 

1-211 
1-480 
1-827 

I-I59 
1-361 
1-624 

T-1^2 
1-275 

1-475 

1-090 
1-204 
1-357 

1-053 

I-II6 

1-200 

1-023 
1-052 
1-089 

— 





E 

7  in. 

A 
B 
C 

-            - 

- 

1-152 

1-344 
1-591 

i-ri8 
1-266 
1-456 

1-092 
1-207 
1-357 

1-056 
1-125 
1-217 

1-034 
1-077 
1-133 

1-004 
i-oo8 
1-014 



— 

8  in. 

A 

B 
C 

—      '      — 



1-137 
1-309 

1-534 

I-lIO 

1-249 
1-429 

1-091 

1-203 

1-350 

1-059 
I-I34 
1-230 

1-039 
1-087 
1-150 

1-013 
1-029 
1-051 

- 

- 

- 

9  in. 

A 
B 
C 

_            _ 

- 

- 

1-105 
1-236 
1-406 

1-086 
1-193 
1-330 

1-059 
1-134 
1-231 

1-040 
1-090 
1-156 

1-017 
1-039 
1-067 

1-003 
I -008 
1-014 

E 

- 

10  in. 

A 
B 
C 

—           — 

— 

- 

— 

1-082 
1-186 

1-320 

1-058 
I-I30 
1-224 

1-041 
1-093 
1-160 

1-021 
1-046 
1-080 

1-008 
1-019 
1-032 

E 

—  ■ 

11  in. 

A 
B 
C 

-           - 

- 

— 

- 

1-077 
I-I74 
1-300 

1-056 
I-I27 
1-2:8 

1-040 
i-ogi 
1-158 

1-022 
1-050 
1-086 

l-OII 
1-025 
1-044 

1-003 
1-007 
1-012 

- 

12  in. 

A 
B 
C 

—           — 



- 

— 

— 

1-055 
I-II9 

I-206 

1-040 
1-090 
1-156 

1-022 
1-051 

1-084 

1-013 
1-029 

1-050 

1-006 
1-014 
1-024 

I-OOl 
I-002 
1-003 

Particulars  Deduced  from  Table  V. 


Columns. 


Working  Stress  on  Concrete. 


Lateral  Bindings. 


3  in.,  4  in.,  5  in.,  and  6  in. 

1,000  lb.  sq.  in. 

6  in.,  7  in.,  8  in.,  and  9  in. 

1,000  lb.  sq.  in. 

9  in.,  10  in.,  and  11  in. 

900  Ib./sq.  in. 

t 

Laterals  :  Xo.  i,  LW.G.  Xo.  6,  ij-in.  pitch. 

Laterals:    Xo.   i,  LW.G.    Xo.  3,  or  Xo.  2, 
Xo.  6  (dia.  -192),  ij-in.  pitch. 

LW.G. 

Laterals:    Xo.   1,  LW.G.    Xo.  3,  or  Xo.  2, 
Xo.  6  (dia.  -192),  2-in.  pitch. 

LW.G. 

850  lb.,sq.  in. 


Laterals:    Xo.   i,  LW.G.    Xo.  3,  or  Xo.  2,    LW.G. 
Xo.  6  (dia.  -192),  2i-in.  pitch. 


Plain  concrete=7oo  Ib./sq.  in. 

Dealing  first  with  the  round  columns,  take  the  columns  having  3  in.,  4  in., 
5  in.,  and  6  in.  diameter,  it  will  be  seen  that  this  condition  c=  1,000  lb.  sq.  in. 
is  fulfilled  when   I.W.G.    No.'  6  binding  is  used  at   ij  in.    pitch,   for  then  the 

value  of  \i-rfsr]  most  nearlv  approximates  to    =r43. 

Similarly  in  columns  6  in.,  7  in.,  8  in.,  and  gin.  diameter,  respectively,  the 
same  result  is  obtained  with  I.W.G.  No.  3,  if  in.  pitch.  As,  however  I.W.G. 
No.  3  is  rather  difficult  to  bend,  two  I.W.G.  No.  6  wires  close  together  may 
be  used. 


HARRY  JACKSON. 

\\'hen  we  j^ct  to  lo  in. 
1000 


^^EB 


fig-ures  more  than 


700 


nd    I  I  in.   diameter  it  will  be  seen  that  there  is  no 
I  "43,  and  it  is  not  possible,  therefore,  with  columns  of 


these  dimensions  to  g-et  a  workings  stress  of  i, coo  lb.  per  sq.  in.  when  comply- 
ing- with  the  R.I.B.A.  conditions. 


If  900  lb.  per  sq.  in.  on  the  concrete  is  used,  the  value  of  [i  +  fsr]  = 


900. 
700' 


i2g  is  obtained  by  using-  I.W.G.  No.  3,  2  in.  pitch,  and  it  will  be  seen  that 
this  can  be  used  with  advantag-e  in  a  9-in.  colunm  also. 

For  the  12-in.  diameter  column  it  will  be  seen  that  no  figure  of  i'2g  can  be 
obtained,  and  consequently  no  stress  of  900  lb.  on  the  concrete  can  be  used.  If, 
however,  the  value  for  [i+/.sr]  of  i'2o6  be  taken  the  stress  on  the  concrete 
would  be  850  lb. 

It  will  be  noticed  by  inspection  of  the  fig-ures  for  pitches  of  3  in.,  4  in., 
5  in.,  6  in.,  and  7  in.  that  no  material  increase  in  concrete  stress  is  obtained, 
and  the  lower  values  of  stresses  on  the  concrete  and  the  steel  of  700  lb.  and 
10,500  lb.  respectively  would  be  used. 

Having-  now  obtained  the  possible  lateral  binding  and  consequent  concrete 
and  steel  stress  for  particular  column  diameters,  we  can  proceed  to  determine 
the  loads  the  columns  would  withstand.      These  are  shown  in  Figs,   i  to  10. 

If  columns  are  recjuired  to  sustain  heavier  loads,  then  three  or  more 
smaller  diameter  columns  can  be  built  up  so  as  to  take  the  particular  load 
required,  as  in  Figs.  11  and  12. 


Total 
Lcmd 


n&  1. 


Helical  Bindings. 


Total 
Load 


I.W.G.  Dia.  Pitch 
In.     In. 


/a-OONSmUCnCNAL 


REINFORCED  CONCRETE  COLUMNS. 


Longi- 
tudinal        Helical  Bindings. 
Bars. 


Pitch 
In. 


Helical  Bindings. 


i.w.G.'  Dia. 
:   In. 


Pitc 
In. 
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SQUARE  COLUMNS  WITH  RECTILINEAR  LATERALS. 

Turning  now  to  square  columns  with  rectilinear  laterals,  the  value  of  r  in 
the  equation  i,  c  =  cp  [i+fsr],  for  any  given  distance  over  the  longitudinal 
reinforcement  and  pitch  of  winding,  is  the  same  as  for  a  circular  column  of  the 
same  diameter,  and  is  given  in  Table  IV. 

The  value  of  5  is  the  same  as  for  circular  columns,  and  is  given  in  Table  II. 
The  value  of  /  is  '5  instead  of  I'o  for  circular  columns  with  helical  winding. 
Putting  these  figures  in  the  expression  [i  +fsr^  we  obtain  Table  VI.  : — 


Value  of  [i+fsr] 
/=o-5 


TABLE  VI 
Square  Columns  with  Rectilinear  Laterals. 

(  LW.G.  No.  10— J  in.  dia.  ;  a=-oi287  (A). 

Laterals     LW.G.  No.  6 — ,!»  in.  dia.  ;  a=-029      (B). 

'  (  LW.G.  No.  3-}  in.  dia.  ;  a  =  -050         (C). 


Side  of 
Square. 

Particu- 
lars of 
Laterals. 

J  in. 

I  in. 

ij  in. 

ij  in. 

if  in. 

2  in. 

2j  in. 

3  in. 

4  in. 

5  in. 

6  in. 

7  in. 

3  in- 

A 
B 
C 

i-6oo 
2-353 
3-335 

i-i8o 
1-405 
1-701 

1-102 
1-233 
1-400 

1-046 
I-I03 
r-178 

'1-005 

I-OII 

i-oig 

— 

— 

- 

— 

— 

4  in. 

A 

B 
C 

i-6o8 

2'102 

2'goo 

1-180 
1-406 
1-700 

1-119 
1-267 
1-460 

1-078 
1-174 
1-301 

1-044 
1-107 
i-i86 

1-026 
1-058 
I -100 

- 

- 

- 



~ 
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cd 

Side  of 
Square 

Particu- 
lars of 
Laterals. 

iin. 

I  in. 

liin. 

li  in. 

1}  in. 

2  in. 

2\  in. 

3  in. 

4  in. 

5  in. 

6  in. 

7  in. 

5  in. 

A 
B 

— 

I-I70 
I-37I 
1-640 

1-115 
1-261 
1-448 

1-083 
I-I86 
1-321 

1-059 
1-132 
1-229 

1-042 
1-093 
1-160 

1-017 
1-038 
1-064 

- 

- 

- 

- 

6  in. 

A 
B 
C 

— 

— 

i'io6 

I'240 

1-414 

1-080 
1-181 
1-312 

I -06 1 
1-138 
1-238 

1-045 
1-102 
1-179 

1-027 
1-058 

I-IOO 

I -01 2 
1-026 
1-045 





- 

— 

7  in. 

c 



— 

— 

1-076 
1-172 
1-296 

1-059 
1-133 

1-228 

1-046 
1-104 
1-179 

1-028 
1-063 
1-109 

1-017 
1-038 
1-067 

1-002 
1-004 
1-007 

- 

— 

8  in. 

c 

z 

E 



1-069 
1-155 
1-267 

1-053 
1-125 
1-215 

1-046 
1-102 
1-175 

1-030 
1-067 
1-115 

1-020 
1-044 
1-075 

1-007 
1-015 
1-026 



- 



9  in. 

A 

B 
C 

— 

E 

- 

— 

1-052 
I-II8 
1-203 

1-043 
1-097 
1-165 

1-030 
1-062 
i-ii6 

1-020 
1-045 
1-078 

1-008 
1-020 
1-034 

1-002 
1-004 
1-007 

E 

— 

10  in. 

A 
B 
C 

- 

- 

- 





1-041 
1-093 
1-160 

1-029 
1-065 
1-112 

1-020 
1-047 
1-080 

i-on 
1-023 
1-040 

1-004 

l-OIO 

i-oi6 

- 

- 

II  in. 

A 
B 
C 

— 

E 

— 

- 

- 

1-045 
1-087 
1-150 

1-028 
1-064 
1-109 

1-020 
1-046 
1-079 

i-oii 
1-025 
1-043 

1-006 
1-013 
1-022 

1-002 
1-004 
1-006 

- 

12  in. 

A 
B 

C 

- 

- 

— 

— 

- 

— 

1-027 
1-060 
I- 103 

1-020 

1-045 
1-078 

I-OII 

1-026 

1-042 

1-007 
1-015 

1-025 

1-003 
1-007 

1-012 

1-001 
i-oor 
1-002 

Particulars  Deduced  from 

Table  VI. 

Side  of  Squ 

ire.        1            Wo 

rking  Stress  on  Concrete.         1 

Lateral  Binding  Wires. 

3  in- 

,  4  in.  anc 

5  in. 

950  lb. 

LW.G.,  No. 

6,  I  in.  pitch. 

6 

in.  and  7 

in. 

900  lb. 

I.W.G.,  No. 

3,  li  in.  pitch. 

8 

in.  and  9 

in. 

850  lb. 

LW.G.,  No. 

3,  1}  in.  pitch. 

lO 

in.  and  i 

in. 

800  lb. 

LV/.G.,  No. 

3,  2  in.  pitch. 

12  in. 

750  lb. 

LW.G.,  No. 

3,  3  in.  pitch. 

Plain  concrete  700  Ib./sq.  in. 


Xn  inspection  of  the  table  shows  that  for  3-in.   and  4-in.    square  columns 


1000 
700 


=:i"43,  when  |-in.  laterals  \  in.  apart 


the  value  of  [i+/sr]  is  more  than 
are  used. 

The  use  of  any  laterals  less  than  ts  in.  diameter  is  not  approved  by  the 
rules,  however;  and  with  A-in.  laterals  it  is  not  possible  to  get  the  1,000  lb. 
per  sq.  in.  compressive  stress  on  the  concrete,  except  for  columns  3  in.  and 
4  in.    square. 

For  3-in. ,  4-in.  and  5-in.  square  columns  the  most  suitable  stress  is  seen 
to  be  950  lb.,  with  laterals  of  LW.G.  No.  6,  i  in.  apart. 

For  6-in.  and  7-in.  columns  stress  on  concrete  is  900  lb.  with"  LW.G. 
No.   3,   i|  in.   apart. 

With  8-in.  and  9-in.  columns  stress  on  concrete  is  850  lb.,  LW.G.  No.  3, 
1 1  in.   apart. 

With  lo-in.  and  ii-in.  columns  stress  on  concrete  is  800  lb.,  LW.G.  No.  3, 
2  in.  apart. 

With  i2-in.  columns  stress  on  concrete  is  750  lb.,  LW.G.  No.  3,  3  in. 
apart. 

Again,  as  in  the  circular  columns,  no  increase  in  the  concrete  stress  is 
obtained  by  using  pitches  greater  than  3  in. 

Figures  13-22  show  sections  of  square  columns  having  the  steel  economi- 
cally used,  with  the  corresponding  loads  they  will  carry  indicated  as  with 
circular  columns  : — 
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Minimum  Cross-Section  Sqlare  Columns  with  Rectilinear  Laterals. 


1» 


-rrnr 


m 0 


■^ 


"X 


y^^/6 


M 

yOp  /7 

® 

m. 

Longi- 
tudinal 
Bars. 


Rectilinear 
Laterals. 


No.  Dia.    No.  I.W.G.  Dia.  Pitch, 

In, 


^yp  /3 


3        i 


26 


5^ 


■^'yf  J'/ 


331 


v 


43^ 


/yi^^p 


/ 


Longi- 
tudinal 
Bars. 


47 


■PJ 


Rectilinear 
Laterals. 


No.  i.w.G.  Dia.  Pitch- 
In.      In. 


%      m      m 


59 
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It  is  possible  to  combine  two  or  more  of  the  smaller  cross-sections  and 
so  obtain  any  particular  load  in  excess  of  78  tons,  that  being  the  load  on  the 
i2-in.  square  columns,  with  NO.  4  i  ij  in.  bars  and  laterals  of  I.W.G.  No.  3 
{^  in.  diameter),  spaced  3  in.  apart;  and  two  cases  of  combination  are  shown 
in  Figs.  2;^  and  24. 

T.\BI,K   VII.      Sfo  figures  1  to  10. 
MiNiMi'M  Cross-Section  Columns  with  Helical  Laterals.  


Diameter  of 
Columns 

over 
Binding     i 
Wires. 


Particulars  of  Laterals. 
Size  and  No.  of  Wires. 


No. 


Dia.    I.W.G, 


•192 


No.  6 


•192     No.  6 


•192     No.  6 


'Area  inside 
Laterals. 


Pitch. 


li 


ri 


sq.  in. 

7-07 


li 


19-64 


Stress  per 
sq.  in.  on 
Concrete. 


No.  and  Size  of 
Longitudinals. 


No. 


lb. 

1,000 


Dia. 


Total 
Area. 


sq. in. 
•66 


Load  on 
Concrete. 


Load  on 
Longi- 
tudinals. 


Tons. 
3-14 


Tons. 
4-43 


5-6i 


8-79 


7-90 


Total 
Load. 


Tons. 
7-57 


16-69 


|--I92    No.  6    I    [|    |-       28-27 


•192     No.  6 


If 


38-49 


2-65 


17-70 


4-72 


31-60 


48-80 


•192     No.  6         ij 


50-26 


4-72 


31-60 


J-192    No.6|-J    l^    \       63-62       j-J   '•[ 


(   1,000 
900 


4-72 
4-72 


28-50 
25-60 


31-60 
28-40 


60-10 
54-00 


-192     No.  6 


78-54 


4-72 


31-60 


28-40 


•192      No.  6 


li         5*96        38-20 


36-00 


•192      No.  6 


850 


5-96 


74-20 


76-85 


TABLE  VIIa.    See  figures  13  to  22. 
Minimum  Area  Cross  Sections  op  Square  Columns  with  Rectilinear  Laterals. 


„.         .                Particulars  of  Laterals. 
Diameter 

over 

Area  of 
Concrete 

inside 
Laterals. 

Stress  per 

sq.  in. 

allowed 

on 
Concrete. 

No.  and  Size  of 
Longitudinal  Bars.   ,    Load  on 
i  Concrete. 

Load  on      Total 
Longi-     1  Load, 
tudinals. 

Rods. 

No.   1    Dia.    I.W.G.    Pitch. 

No. 

j  Total 
Dia.     Area. 

in. 

3                I 

in.     1   No.          in. 

sq.  in. 
9 

lb. 

950              4 

in.      sq.  in.        Tons, 
i     !      -78  '        3-82 

Tons.        Tons 
4-97       '    8-79. 

4                 I       i      iV;           6             I 

16 

950               4 

}         1-76          6-79 

11-19         17-98 

5                I      '     fV          6             I 

25 

950              4 

1        2-40  }      10-60 

15-25 

25-85 

6                I 

3      1        li 

36 

900        1      4 

1           3-14  1      14-45 

18-92 

33-37 

7                I 

3             iJ 

49 

900              4 

I J         3-97  1      19-70             23-96 

43-66 

8                I 

i            3      !       If 

64 

850              4 

i|         3-97  !      24-30       '      22-59 

46-89 

9                I 

i     1     3 

li 

81 

850     ■    1      4 

li     1    4-91   j      30-70 

27-98 

58-68 

10                 I 

i      1      3 

2 

100 

800              4 

li        5-94  1     35-70 

31-80 

67-50 

II                  I            i             3 

2 

121 

800 

4 

if     1    5-94  1      43-20 

31-80 

75-00 

12                   I             i              3              3 

144 

750        '      4 

li      5-94  !    48-20         29-80 

78-00 

Plain  Concrete  700  Ib./sq.  in. 

It  may  be  desirable  to  vary  from  the  particular  columns  shown  in  the 
figures,  and  for  the  purpose  of  seeing  whether  it  is  more  desirable  to  alter  the 
concrete  or  the  steel,  Tables  VII.  and  VIIa.  are  given. 

COMPARISON   OF   COSTS   BETWEEN    ROUND  AND   SQUARE   COLUMNS. 

Having  now  determined  the  most  economical  sections  with  respect  to  the 
amount  of  material,  it  is  desirable  to  compare  the  costs  of  the  particular 
columns  for  the  same  load-carrying  capacity. 
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REINFORCED  CONCRETE  COLUMNS. 


To  do  this  it  has 
been  assumed  that  the 
price  of  the  steel  in 
position  is  ;^i3  15s. 
per  ton,  and  of  the 
concrete  2s.  id.  per 
cubic  foot.  The  actual 
cost  of  each  column 
per  foot  of  length, 
divided  by  the  load  it 
will  carry,  gives  the 
cost  per  foot  of  length 
for  every  ton  carried, 
which  forms  a  satis- 
factory basis  for  com- 
parison. 

Table  VHI.  shows 
the  actual  amount  of 
steel  and  concrete 
used  in  the  particular 
columns  as  set  out, 
and  the  cost  per  ton 
of  load  supported  per 
foot  length  of  column. 
It  will  be  seen 
that  in  practically  all 
cases  the  round 
column  is  cheaper 
than  the  square 
column,  the  price 
varying  from  'jo6d. 
per  ton  per  linear  fool 
of  column  for  a  9-in. 
column,  to  ro3bd.  for 
a  3-in.  column. 

From  this  it  will 
be  seen  that,  if  a  large 
column  is  to  be  built, 
requiring  to  sustain, 
say,  240  tons,  the 
most  economical  ar- 
rangement will  be  that 
of  four  units  of  9  in. 
diameter  each,  con- 
sisting of  six  I -in. 
diameter  rods  with 
helical  winding 
[imeler,  if  in.  pitch. 
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CONCRETE    CISTERNS. 


iCQNCRETEj 


jw-i..j>wjffi4..:;j3l 


UNDERGROUND 

CISTERNS    OF 

CONCRETE. 


The  follotuing  information  as  to  the  method  of  making  cheap  and  effective  undergrouna 
cisterns  of  concrete  has  been  issued  by  the  Association  of  American  Portland  Cement 
Manufacturers,  and  should  be  found  -very  useful  by  estate  and  farm  oiimers.—ED. 


U\i)i:R(;R()rxD  cisterns  may  be  built  in  any  shape  desired.  For  the  same 
amount  of  concrete,  round  cisterns  (witii  a  depth  equal  to  the  diameter)  will 
hold  the  most  water.  HoweN'er,  since  round  ftjrms  are  not  easy  to  frame,  most 
cisterns  are  made  square.  To  illustrate  the  usual  method  of  building-,  ctjnsider 
the  construction  of  a  cistern  8  ft.  by  8  ft.  by  8  ft.  in  the  clear,  with  walls  8  in. 
thick  and  witii  a  capacity  of  121  barrels.  Before  bci^inniny  the  work  have 
all  the  materials  on  hand,  slightly  more  than  required. 

Locate  the  cistern  in  the  most  convenient  place.  Since  the  walls  are  8  in. 
thick,  lay  out  the  hole  9  ft.  4  in.  square.  The  concrete  bottom  is  h  in.  thick. 
Therefore  dig;  the  pit  to  the  depth  of  8  ft.  6  in.  Since  the  concrete  cover  or 
platform  will  be  5  in.  thick,  the  top  of  the  cistern  will  be  5  in.  above  the 
g-round,  which  is  a  desirable  feature. 


s»^ 


Od.£r^ 


/?t^Nf^o/^c//^o  ^c^j- 
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Cross  Section  of  Underground  Cistern  and  Filter. 


If  the  earth  walls  stand  firm,  oiily  an  inside  form  will  be  needed;  otherwise 
make  a  similar  form  for  the  outside  of  the  walls.  Tiiis  form  should  be  built 
(each  side  separately)  previous  to  digging  the  pit,  so  that  it  mav  be  quickly 
erected  and  the  cistern  finished  before  a  possible  shower  makes  the  hole  mudch'. 
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CONCRETE  CISTERNS. 


For  sidins^-,  use  i-in.  boards  on  2-in.  b}'  4-in.  uprio;hts  spaced  2  ft.  As  soon 
as  the  hole  is  dug",  set  up  the  forms  on  6-in.  cubes  or  bricks  of  concrete,  with 
I -in.  removable  wedges  between  the  forms  and  the  bricks.  The  side  wall  forms 
will  later  support  tlie  platform  on  which  the  concrete  co\'er  will  be  built  ;  and 
unless  these  wedges  are  used  the  forms  will  bind  and  be  difficult  to  remove. 
Join  the  forms  at  the  corners  so  that  the_\-  can  be  easily  taken  d.jwn  after  the 
cistern  is  finished.  Against  the  earthen  walls,  and  braced  to^  the  inside  forms, 
set  I -in.  boards,  12  in.  wide,  so  as  to  prevent  dirt  from  crumbling  and  falling 
into  the  cistern. 

Mix  the  concrete  i  part  Portland  cement  to  2  parts  sand  to  4  parts  crushed 
rock.      In  measuring  the  quantities,  consider  i  bag  of  cement  equal  to  i  cubic 


Concrete  CiiTtKN  Plaiujrm    wuh  Manhole  Cover 


foot.  If  gravel  is  to  be  used,  proportion  the  co-ncrele  i  part  cement  to  4  parts 
clean  gra\'el.  For  the  floor  have  the  concrete  just  wet  enough  to  flush  a  little 
cement  mortar  to  the  surface  when  tamped  into  place.  See  that  there  is  an 
abundance  of  mortar  around  the  concrete  blocks  supporting  the  forms.  Im- 
mediately begin  lillirig  the  sidewall  forms  with  concrete  mixed  mushy  wet  and 
placed  in  8-in.  to  lo-in.  layer:^  around  the  entire  cistern.  Be  careful  not  to  shovel 
the  concrete  against  the  earthen  sides,  as  dirt  in  concrete  is  liable  to  make  a 
leaky  wall.  Do  not  stop  until  the  forms  are  filled.  At  the  proper  points  insert 
an  overflow  (jpening  (if  desired)  and  a  sewer  pipe  connection  for  the  water  from 
the  downspout  or  the  filler  and  the  pipe  connection  for  the  pump  in  the  house. 
This  pipe  should  be  carried  3  ft.  to  4  ft.  underground,  out  of  danger  of  freezmg. 
To  keep   out   mice,   vermin,    scrub-water,   or  filth,    every  cistern   should   be 
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covered  with  a  concrete  plalfurm  reinforced  with  steel  rods.  After  the  concrete 
walls  have  been  brou^dit  to  g-round  level  set  a  wooden  frame  around  the  outside 
of  the  cistern,  so  as  to  hold  the  concrete  for  the  5-in.  platform.  To  run  water 
off  the  finished  cistern  cover,  slope  this  frame  i  in.  in  the  direction  desired. 
Five  inches  below  the  finished  top  of'  the  cistern  cover  construct  a  strong- 
wooden  plat  form  of  i-in.  boards  for  flooring-.  Build  this  on  2-in.  by  4-in. 
joists  nailed  to  the  uprights  of  the  side  forms.  This  wooden  platform  will 
support  the  concrete  cover  until  it  is  self-sustaining-. 

To  provide  for  a  manhole  opening-  take  i-in.  boards  6  in.  wide  and 
build  a  bottomless  box  5  in.  deep,  2  ft.  square  at  the  top  and  18  in.  square  at 
the  bottom — outside  measurements.  Grease  the  manhole  frame  and  set  it  on  the 
platform  wheie  the  opening  to  the  cistern  is  desired.      -An  iron  manhole  frame 


Pump  Set  on  Conxrete  Cistern  Platform. 


and  cover  can  also  be  used.  By  a  similar  use  of  a  section  of  a  gas  pipe  or  small 
drain  tile,  leave  an  opening  for  the  pump  stock,  if  an  out-door  purhp  is  to  be 
used.  Around  this  opening  in  the  soft  concrete  place  bolts  (washered)  for  the 
pump.  To  locate  the  bolts  correctly,  set  them  by  means  of  a  wooden  block  in 
which  holes  have  been  bored  spaced  exactly  like  those  in  the  iron  pump  base. 

Over  the  entire  platform  spread  i  in.  of  concrete.  For  reinforcing  quickly 
place  on  this  concrete  lo-ft.  lengths  of  f-in.  iron  rods  running  in  both  directions 
(criss-cross)  and  spaced  i  ft.  apart.  Bend  the  ends  to  a  hook  shape.  Strengthen 
the  platform  around  the  manhole  opening  by  placing  two  rods  on  each  side. 
Bring  the  cover  to  its  full  thickness  by  immediately  tamping  in  the  remaining 
4  in.  of  concrete.  Finish  the  surface  with  a  wooden  float  (a  trowel)  the  same 
as  for  sidewalks.     Reinforce  the  cover  with  short  lengths  of  iron  rods  laid  criss- 


l&gS'^iT^^!.^  CONCRETE  CISTERNS. 

cross.  As  a  liftinj^-  ring-  for  the  cover,  use  half  of  an  old  bridle  bit  or  a  hitching 
post  ring,  the  end  provided  with  a  knob  of  twisted  wire  or  with  a  nut  and 
large  washer  for  holding  it  firmly  in  the  concrete.  If  the  wooden  manhole  form 
is  used,  carefully  remove  it  after  five  hours.  After  three  days  build  the  manhole 
cover  the  same  as  for  the  tin  form,  with  this  exception — place  greased  paper 
or  cardboard  around  the  edge  of  the  opening  to  prevent  the  new  concrete  from 
sticking  to  that  of  the  platform. 

To  make  the  manhole  cover  lighter  in  weight,  before  placing  the 
concrete  spread  il  in.  of  wet  sand  over  the  wooden  platform  in 
the  manhole  opening  and  then  tamp  in  the  concrete.  Take  care  to  place 
the  reinforcing  within  i  in.  of  the  bottom  of  the  manhole  cover.  Wlien  the 
cistern  platform  is  two  weeks  old  remove  the  manhole  cover  and  saw  an  opening 
in  the  wooden  floor.  Descend,  knock  out  the  i-in.  wedges  under  the  side-wall 
forms,  take  the  forms  apart  and  pass  them  through  the  manhole  opening. 

It  is  generally  advisable  to  filter  rain  water.  For  this  purpose  provide  a 
filter  on  the  outside  of  the  cistern  proper.  Construct  this  filter  in  the  same 
way  as  the  cistern  was  built,  except  that  the  reinforced  concrete  cover  should 
be  loose  so  that  it  can  be  removed.  Therefore  mould  it  on  a  smooth  surface, 
such  as  a  wocden  floor,  and  later  put  it  in  place.  Make  the  concrete  walls 
and  bottom  6  in.  and  the  cover  4  in.  thick. 

Under  most  conditions  a  filter  2  ft.  square  and  3  ft.  deep  in  the 
clear  is  large  enough.  Carry  the  walls  a  few  inches  above  the 
surrounding  ground.  At  the  filter  floor  level  connect  the  filter  with  the 
cistern  l)v  means  of  a  (')-\n.  to  8-In.  sewer  pipe  or  drain  tile  laid  with 
carefulh"  cemented  mortar  joints.  Likewise,  i  ft.  from  the  top  lay  a  ^'.milar 
connection  for  the  pipe  leadmg  to  the  downspout.  Instead  (jf  using  a  square 
inside  form  for  the  filter  a  barrel  may  be  used.  In  the  filler  place  a  galvanised 
screen  of  j-'in.  mesh  over  the  pipe  opening  to  the  cistern.  Fill  in  18  in.  of  coarse 
charcoal.  Cover  the  charcoal  with  6  in.  of  sand  and  gravel.  Place  the  slab 
cover  on  the  filter,  and  the  cistern  is  ready  for  use. 
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THE- REVISED  REPORT  OF  THE 
rpa  ROYAL  INSTITUTE  OF         ^ 

'■^^a^     BRITISH   ARCHITECTS.     ^ 


Bv    R.   W.   VAWDREY,  Assoc. M. Inst. C  E. 

While  ive  do  not  associate  ourselves  in  sny  iv^y  iinth  the  'V'eivs  put  foriuard  in  this 
article,  ive  think  ihev  are  zuorthy  of  particular  attention,  and  ive  shall  gladh  open  our 
columns  to  correspondence  on  the  subject.  We  mould  also  particularly  inmte  the  i,reivs  of 
Missrs.  Hennetique  en  this  important  matter. — ED. 


Thi;  rt\isi'(I  rtjinrt  of  the  Royal  Institute  of  British  Architects  has  been  deah 
witli  at  kni^th  in  most  of  the  technical  journals  and  has  also  been  commented  on 
in  the  ])uhlicat ions  of  the  \arious  reinforced  concrete  specialists,  such  as  The 
hidciitcJ  Bar  Bulletin  and  Fcrro-Concretc. 

The  matter  is  of  such  Importance  tliat  a  good  deal  of  attention  will 
natur.dlv  be  i^iven  to  it  by  tliose  publications  wliich  deal  specially  with  the 
subject.  I  wish  now,  however,  to  direct  attention  not  so  much  to  the 
actual  rcp:)rt  itself  as  to  the  above-mentioned  comments  upon  it,  particularly 
those  of  Ferro-Concrcic.  a  publication  devoted  to  the  reA'iew  of  reinforced 
concrete  construction  in  accordance  with  the  Hennebique  system. 

The  extreme  a.i^itatiDn  displa\ed  b\'  the  last-named  paper  at  the  probable 
adoption  by  the  London  County  Council  of  rules  similar,  if  not  identical  with, 
those  of  the  R.I.B.A.  report  is  really  amusing",  but  the  attitude  taken  up  is  so 
dang^erous  that  it  cannot  be  altogether  ig-nored.  I  hold  no  brief  for  the  rules 
of  the  R.I.B.A.  exactly  as  tliey  exist  at  present;  in  fact,  there  are  several 
points  in  which  I  think  they  might  be  altered  with  advantag"e,  and  I  slKJuld 
\er_\-  greatly  regret  to  see  anything  like  a  tendency  to  restrict  or  hamper  in 
any  way  original  and  progressive  design,  but  the  principle  wliich  I  am  now 
concerned  to  uphcjld  is  that  of  intelligent  design  on  a  rational  basis,  as  opposed 
to  rule  of  thumb  design  by  means  of  empirical  formuke. 

It  is  uni\crs;dly  admitted  by  those  to  whom  the  safety  and  stability  of 
reinforced  concrete  structures  are  of  primary  importance  that  in  this  material, 
as  in  all  other  forms  of  engineering  or  architectural  work,  the  stresses  which 
may  possibly  be  induced  in  any  member  of  a  structure  should  bear  some 
fixed  and  definite  relation  lo  the  strength  of  the  material  of  which  that  member 
is  composed,  and  the  main  object  of  any  set  of  rules  issued  by  an  authoritative 
body  such  as  the  London  County  Council  is,  of  course,  to  provide  a  ready 
means  of  ascertaining  before  any  structure  is  erected  under  its  jurisdiction  that 
the  stability  and  safety  of  the  structure  will  not  be  endangered  by  undue 
encroachment  upon  tlie  factor  of  safety  which  it  is  desired  to  provide. 

It  is  recognised  that  an\-  such  structure  may  be  apparently  quite  satisfac- 
tory ;  that  is  to  say,  that  it  may  have  been  completely  erected,  and  may  stand 
without  at  first  showing  any  signs  of  failure,   and  yet  that  as  a  matter  of  fact 
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the  factor  of  safety  may  be  ridiculously  low,  and  the  structure,  althoug-h  just 
able  to  carry  itself  under  ordinary  conditions,  may  all  the  time  have  so  little 
reserve  streng^th  {i.e.,  so  small  a  factor  of  safety)  that  it  mav  really  be  in 
danger  of  a  collapse  whenever  any  load  at  all  beyond  the  ordinary  is  brought  to 
bear  on  it,  or  when  any  conditions  may  obtain  which  are  more  than  usually 
severe.  It  is  just  these  conditions  which  are  intended  to  be  covered  bv  the 
factor  of  safety  specified,  and  It  is  the  function  of  the  L.C.C.,  and  similar 
bodies,  to  ensure  by  their  rules  that  a  sufficient  factor  of  safety  is  provided 
to  cover   any   such — perhaps   unusual,    but  certainly   possible — conditions. 

But  Ferro-C  oner  etc  casts  great  scorn  on  "theoretical  rules."  One  would 
almost  im.agine  that  the  rules  of  design  adopted  by  the  Hennebique  svstem 
were  the  product  of  accident,  and  had  no  rational  basis.  It  is  even  stated 
that  "theory  is  often  opposed  to  fact."  Nothing,  of  course,  could  be  more 
grossly  untrue  if  by  theory  is  meant  a  correct  theory,  and  such  a  statement  is 
a  contradiction  in  terms. 

It  is  to  be  feared,  therefore,  that  the  Editor  of  Ferro-Concrete  is  convinced 
lh.it  the  Hennebique  rules  admit  in  practice  of  a  structure  being  submitted  to 
larger  stresses  than  would  l)e  permissible  under  the  R.I.B.A.  rules — or,  in  other 
words,  that  the  factor  of  safety  under  Hennebique  rules  is  less  than  that  which 
would  be  ensured  by  the  R.I.B.A.  report.  Why,  otherwise,  shoulrl  it  be 
desired  to  avoid  compliance  with  the  R.I.B.A.  rules,  which  by  prettv  general 
consent  are  as  satisfactory  as  can  reasonablv  be  expected,  and  haxe  been 
adopted  without  demur  by  the  great  majority  of  those  engaged  in  reinforced 
concrete  designing  in  this  country  ? 

It  may  here  be  remarked  that  the  implied  statement  that  the  R.I.B.A. 
rules  have  led  to  failures  in  this  country  since  1907,  while  the  Hennebique  rules 
have  not  done  so,  is  not  in  the  least  in  accordance  with  the  facts. 

Far  more  structures,  df  signed  on  a  great  varietv  of  svstems,  but  all  in 
accordance  with  R.I.B.A.  rules,  have  now  been  erected  in  this  countrv  than 
those  in  wliich  merel}'  emijiricMl  formuhe  have  been  used>  Such  formuke  are 
based  on  no  rational  theory,  ;md,  although  thev  mav  prove  satisfactory  in  one 
instance,  they  may  subsequently  prove  by  disastrous  experience  to  be  quite 
cnsuitable  for  the  next  case  to  which  they  are  applied.  Surely  by  this  time  it 
should  be  unnecessarv  to  state  that  rule  of  thumb  methods  are  quite  out  of 
date  in  modern  engineering. 

After  ali,  the  use  of  an  empirical  formula  without  a  rational  basis  is  a 
confession  of  ignorance,  and  it  is  surely  obvious  that  reinforced  concrete  is  the 
last  material  which  ought  to  be  treated  bv  such  rule  of  thumb  methods  as  are 
apparently  advocated  by  the  p;iper  in  cjuestion. 

It  would  be  im.possible  to  conceive  a  more  effective  argument  in  favour  of 
the  speedy  issue  of  authoritative  rules  of  design  by  the  L.C.C.  and  similar 
bodies  than  the  suggestion  which  would  appear  to  be  implied  by  the  article 
referred  to,  that  the  Hennebique  rules  do  not  comply  with  the  requirements  of 
the  R.I.B.A.   report  as  now  revised. 

\'ery  similar  remarks  are  applied  by  the  January  issue  of  the  Hennebique 
organ  to  the  proposed  regulations  to  be  issued  by  the  London  County  Council, 
and  the  objections  made  in  this  case,  also,  are  no  doubt  due  to  the  same  fear 
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lli;il  llic  insi^l(•n(■l_•  upon  (Ifl'Miitclx-  limilid  stresses  in  the  materials  employed 
will    ])c   (lisa(l\  anlas^eous. 

W'lun,  iiow ex cr,  atlenlion  is  Uirned  to  indixidual  clauses  instead  of  to  the 
>4(iuMal  piiiity  of  the  regulations,  1  am  in  complete  ag^reement  with  b'crni- 
('n)icrcic  on,  at  any  rate,  one  point — namely,  the  objection  which  is  raised  to 
the  poilion  of  ihe  rult>  dealini,'-  with  "  pillars."  While  I  do  not  go  so  far  as  to 
agree  that  designer-,  will  hi-  "  forced  into  the  employment  of  the  least  reliable 
form  of  transNer-.-  reinforcement,"  I  do  strongly  urge  the  modification  of  the 
proposed  se\  ere  handicapping  of  all  metliods  of  transverse  reinforcement  in 
columns  o;her  than   spiral  wires. 

Why  it  should  apparently  be  considered  by  the  London  County  Council  that 
si)iral  reinforcement  so  much  transcends  circular  links,  in  which  the  same 
amount  of  metal  is  used,  it  is  exceedingly  hard  to  say.  In  my  opinion,  at  any 
rate,  liic  ad\antage  in  strength  is  all  the  other  way,  while  in  the  question  of 
cost,  simplicil}-  and  ease  in  erection  I  suppose  that  even  the  advocates  of  spiral 
reinforcement  would  hardly  claim  that  it  competed  in  any  way  with  separate 
hoops  or  links.  In  the  case  of  a  continuous  spiral  one  weak  spot  affects  the 
uliolc,  whereas  when  separate  hoops  or  links  are  used  an  irregularity  or  weak- 
ness in  one  does  not  in  any  way  affect  the  strength  and  stability  of  the  others. 
The  difficulty,  too,  of  getting  the  binding  in  close  contact  with  the  vertical  bars 
is  much  grtater  in  the  case  of  a  spiral  than  with  separate  links  or  hoops. 
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MEXICO. 


In  our  July,  1911,  issue  iv;  qive  p^rHcuUrs  of  various  concrete  and  reinforced  concrete 
structures  in  Mexico,  and  it  affords  us  great  pleasure  to  be  able  to  shotv  in  the  current 
number  further  examples  of  the  rapid  development  of  these  materials  in  that  country.  We 
are  indebted  to  Mr.  R.  W.  Whi taker,  Assoc.M.Am.Soc.C.E.,  for  the  photographs  and 
particulars  of  these  "works. — ED. 


I\  April,  1906,  a  company  composed  principally  of  Eng-lish  stockholders  was 
<^ranted  a  concession  for  the  handling-  of  all  imports  and  exports  through  the 
port  (jf  \"era  Cruz,  and  in  order  to  handle  cargo  in  the  most  efficient  manner 
it  has  been  necessary  to  install  modern  terminal  facilities.  Construction  work 
was  begun  in  March,  1909,  and  completed  in  August,  191 1.  This  work  involved 
the  expenditure  of  about  twelve  millions  of  dollars  (Mexican  currency)  and 
comprised  the  construction  of  yard  tracks,  custom  warehouses,  a  union  pas- 
senger station,  engine-house,  shops  and  other  necessary  structures  that  are 
essential  for  a  complete  terminal. 

Although  a  few  of  the  buildings  are  of  masonry  and  steel  construction, 
It  was  deemed  advistible  to  build  most  of  the  structures  of  reinforced  concrete, 
because  of  the  excessive  corrosive  action  of  the  atmosphere  in  tliis 
climate. 


Reinforced  Concrete  Bridges  between  Customs  Warehouses. 
Rkinforced  Concrete  Work  at  the  Railway  Terminals,  Vera  Cruz. 


W3 


R 


EINFORCED  CONCRETE  WORK  /N  MEXICO. 


194 


REINFORCED  CONCRETE   WORK  IN  MEXICO. 

The  roof  o\er  the  ulterior  of  the  station  is  supported  by  concrete  trusses  of 
41-ft.  span  spaced  21  ft.  4  in.  centre  to  centre.     The  thrust  of  the  top  chord  over 


the  supports  is  taken  care  (jf  l)y  means  of  steel  shoes  which   are  anchored   to 
the  steel  bars  of  the  lower  chord.     The  concrete  used  in  the  construction  of  the 
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irusses  was  of  a  i  :  2  :  3 
mixture.  All  joints 
were  made  in  the  roof 
beams  midway  between 
trusses.  The  lower 
chords  were  s^iven  a 
camber  of  2  in.  in  order 
that  there  would  not  be 
any  apparent  saj^-  of  the 
trusses.  Tlie  trusses 
and  ceiling;  beams  were 
given  a  bush-hammer 
finish,  while  a  cement 
wash  was  used  on  the 
ceiling-  panels  so  they 
would  conform  to  the 
exterior  walls  of  the 
station.  The  skylights 
were  placed  in  the  roof 
in  order  to  provide 
ventilation  and  addi- 
tional lig^ht  to  the  wait- 
ing-room of  the  station. 
0\er  the  four 
passeng-er  platforms 
there  are  umbrella 
roofs,  each  of  which 
is  493  ft.  long  and 
21,  ft.  wide,  supported 
by  columns  spaced 
16  ft.  apart.  The  roofs 
were  desig^ned  to  carry 
dead  load  only  and  to 
resist  the  wind  pressure 
of  the  ' '  Northers," 
whicli  o(X"ur  nearly 
every  week  during'  the 
winter  season.  From 
the  nature  of  the 
design  it  was  necessary 
tO'  embed  the  column 
steel  in  the  foundation 
concrete  so  that  ihcy 
would  be  securely 
anchored.  The  roofs 
are  drained  by  means  of 
4-in.      cast-iron      down 


196 


E 


,  CONSTBUCTIONALI 
^  ENGIMEERING 


j  REfXI-ORCED  CO.VCRETE    WORK  IN  MEXICO. 


spouts  placed  in 
every  other  column. 
Most  of  the  forms 
were  used  three 
times,  but  those 
for  cornice  and 
column  capitals  had 
to  be  partly  rebuilt 
every  time  they 
were  erected. 

The       bridg-e 
over    the    Terminal 
Company's     p  r  o- 
perty    is  993   ft.    in 
Jeng-th,    and    is    for 
foot     traffic      only. 
i    Most   of   the   bents 
^    are    spaced    52    ft. 
,.i    apart,  so  that  there 
J"^-    would  be  clearance 
^1     for       four-      tracks 
S  i    between       bent  s. 
|f^    Although  the  varia- 
•^  ^    tion  of  temperature 
in  \'era  Cruz  is  not 
more    than    40°    it 
was     t  h  o  u  g-  h  t 
advisable    to    build 
two    expansion 
joints     to     provide 
for      variations      in 
leng-th,     w  h  i  c  h 
otherwise         might 
cause       injurious 
cracks  in  the  struc- 
ture,     specially     in 
the    railing-,    where 
the  reinforcement  is 
\  ery  light. 

T  h  e  railing 
shown  in  the  illus- 
tration was  adopted 
on  account  of  being 
an  economical  type 
and  of  harmonising 
with  the  iriain  part 
of     the     structure. 
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The  l()])  ;iiul  hotloin  i':iils,  toj^xiluT  uilh  thf  u])riyhts  fcjr  one  paiu-1,  were 
moulded  on  the  ground  and  were  afterwards  set  in  the  forms  for  the 
raiUn;^  |:)o>ts,  which  were  poured  in  place.  The  panels  are  6  tt.  (>  in.  in  length 
and  lii^ht  enoui^h  in  weii^iit  for  three  me.n  to  handle  them  williout  liaxing-  to 
use  hoists  oi  anv  kind. 

The  engine-liouse  is  a  concrete  structure  havini^  curtain  walls  of  sofi.  sand- 
stone. There  are  tu  i'nt\ -four  stalls,  twxhe  of  which  csnitain  pits  for  standard 
gauge  engines,  while  the  remaining'  twelve  stalls  are  lor  the  use  of  both 
standard  and  narrow  g-augfe. 

The  four  connecting  bridges  between  custom  warehouses  were  designed 
for  a  loading-  of  200  lb.  per  sq.  ft.,  and  also  for  a  track  loading  of  push  cars 
cairying  4-ton   loads.      They  are  also  built  of  reinforced  concrete. 

Although  the  stone  and  sand  used  in  this  work  were  the  best  that  could 
be  obtained  within  eigluy   miles  of  \'era  Cruz,   they  did  not  possess  all  of  the 


Reinforced  Concrete  Foot-bridge. 
Reinforced  Concrete  at  the  Ra:l\vav  Terminals,  Vera  Cruz. 

desirable  qualities  for  gocd  concrete  work,  as  the  stone  was  rather  sm.ooth, 
while  the  sand  particles  were  \ery  rounded,  and  considerable  difficulty  was 
experienced  in  keeping  the  materials  from  separating  after  the  concrete  h;id 
been    mixed. 

All  the  work  d--scribed  above  was  designed  bv  Mr.   R.  W.  Whitaker. 
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By  E.  R.  MATTHEWS,  A.M.Inst  C.E. 


In  our  last  iiuo  issues  ive  published  articles  dealing  ivith  methods  or  constructing  the 
forms  for  use  in  reinforced  concre' e  ivork,  and  as  this  is  one  of  the  matters  xuhich  requires 
serious  attention  in  order  thai  the  greatest  possible  economy  may  te  effected,  ive  are  gi'ving 
a  further  contribution  to  the  subject  in  the  present  number.  —  ED. 


The   three    matlers   that   require   the   greatest   care   in   carrying-   out    works    in 
reinforced  concrete  are  : 

[a]  The  constructi(jn  of  the  forms  and   centering. 

{h)   The  phicing  in  position  of  tlie  reinforcement. 

he  mixing  and  placing  of  the  concrete. 

V  The  reader  mr.v  at  first 


think  that  these  items  in- 
clude everything  that  re- 
quires attention  in  carrying 
out  works  In  this  material, 
but  upon  reflection  it  will 
readily  be  seen  that  many 
other  matters,  a  dozen  at 
least,  have  to  be  attended 
to. 

The  present  article 
deals  with  the  erection  of 
forms  so  far  a>  thc\'  arc 
necessary  in  the  building  of 
retaining  walls,  and  this  is 
illustrated  by  reference  to  a 
retaining  wall  recently 
erected  under  the  aulhor's 
supervision  at  Bridlington 
by  the  Trussed  Concrete- 
Steel  Co.  Fig.  I  is  a  cross- 
section  thrcjugh  the  retaining  wall  referred  to.  Figs.  2  and  3  show  the  con- 
struclIiMi  of  the  forms,  while  Fig.  4  is  a  view  of  the  finished  work  taken  from 
the  back  of  the  wall. 

Method  of  Procedure. —  The  erection  of  the  forms  should  be  proceeded 
with  as  follows  : 

I  he  line  of  the  wall  h;!ving  been  most  carefullv  set  out,  and  the  foundation 


l-'iG.  1.     OuTLiNK  o:-    Kktaining  Wall. 
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sl-,h  put  in  ll.r  tn.iinn  ..f  the  upri-hts  should  next  be  proceeded  w.lh;  tlurc 
will  l)e  tuo  nnvs  nf  tluM,  one  inside,  the  other  outside  the  wall.  In  order  th:.l 
these  m.v  hv  in  linr  :.  enrd  sliouUl  h.'  fixed  indicating:  the  face  of  the  Imished 
w  ill  and'  Ihr  upri-lits  on  the  outside  of  the  wall  should  meet  that  hne  withm, 
s;,y,'  li  in.,  wiii.li  is  the  space  necessary  for  the  shuttering,  assummg 
this  lo  consist  of,  s;tv,  <.}  in.  x  i  [   in.  l)oar(ls. 

The  uprights  should  not  be  too  lii^ht  ;  if  the  wall  is  from  6  to 
,^f,  in  hci-ht  (al  H.idlint^ton  it  varied  from  lo  to  13  ft.  in  height) 
-in  X  J  in.  "uprights  should  be  used,  and  these  should  be  spaced  not 
more    than    2  ft.     <rin.     apart,    or    sin.     x    2  in.     spaced    not    more    than    2  ft. 


Fig.  2.     View  showing   Uprights  and  Struts  in  iruni   of   \\  ai.i,. 


apart.  The  uprights  thus  placed  should  be  held  in  position  by  one  or  two 
rows  of  horizontal  flooring  7  in.  x  i  in.  or  9  in.  x  i  in.  being  nailed  to  same  (see 
Fi}j;s.  2  and  3),  and  by  numerous  struts.  The  latter  need  not  be  hea\y ; 
4  in.  X3  in.,  or  even  4  in.  X2  in.,  struts  will  do  nicely.  The  shorter  ones  may 
e\'en  be  5  in.  x  i^  in.  The  top  portion  of  the  wall  should  be  strutted  independent 
of  the  middle  portion  in  liigh  retaining  walls — that  is,  walls  c\er  S  ft.  in 
height. 

The  uprights  at  the  face  of  the  wall  having  thus  been  well  fixed  and  stayed, 
the  first  two,  say,  8  in.  yi|  in.  boards  forming  the  forms  should  then  be 
fixed  on  the  wall  side  of  the   uprights. 
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The  supports  at  the  back  of  the  wall  should  then  be  proceeded  with, 
and  these  will  be  fixed  in  a  similar  manner  to  those  at  the  front,  except  that, 
if  the  wall  is  to  have  buttresses  (as  shown  in  Fig.  i),  forms  for  these  will  require 
to  be  made  and  secured  in  their  rig-ht  places.  They  may  be  made  of  5  in.  or 
7  in.  X  ij  in.  flooring;,  and  will  be  simply  two  sides  of  a  box,  being-  secured  in 
front  to  two  uprig-hts,  say,  7  in.  x  2  in. 

The  upright  flooring  forming-  the  forms  should  be  secured  to  5  In.  x  ij  in. 
diagonal  pieces,  as  shown  in  Fig.  3. 

In    the    Bridlington    example    the    strutting-    at    the    back    of    the    wall    was 


Fig.  3.  View  showing  the  Construction  of  Forms  for  Buttresses. 

dift'erent  from  that  at  the  front,  owing-  to  the  fact  that  there  was  the  face  of  a 
cutting-  to  strut  from  (see  Fig.  i),  the  struts  were  therefore  chiefly  horizontal 
ones — namely,  5  in.  x  2  in. 

The  forms  for  the  buttresses  should  be  boxed  in,  say,  iS  in.  ahead  of 
the  concrete  laying-,  and  so  oif  until  the  top  of  the  buttress  has  been  reached. 
The  boxing-in  would  be  done  by  nailing  short  pieces  of,  say,  7  in.  x  i  in. 
flooring  on  the  slope. 

•As  to  the  building  of  the  wall,  the  concrete  should  be  filled  in  in  layers  of 
not  more  than  6  in.  ;  it  should  be  fairly  wet,  so  that  it  will  require  little 
ramming,  all  that  is  necessary  being  that  it  shall  be  worked  into-  position  and 
well  around  the  reinforcement  with  a  wooden  tool  about  3  ft.  in  length  and 
J I  in.  in  diameter;  it  is  possible  to  get  a  special  tool  for  this  purpose. 
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A  i;^-in.  by  ^-in.  strip  (\v.  iron)  should  be  used  to  work  tlic  concrete  in 
l)i-lueen  the  reinforcement  and  the  face  of  the  wall. 

Thi'  forms  should  be  well  wetted  inside  and  outside  before  any  concrete  is 
placed   in   them,   and  should  be  planed   if  the  finished  work  is  to  be  exposed  to 

view ;  in  fact,  the 
extra  cost  of  using 
planed  boards  is  so 
little  that  the 
author  would  re- 
commend planed 
boards  in  every 
case,  as  the 
finished  work  has 
a  much  better  ap- 
pearance. 

There  is  one 
little  matter  that 
should  be  noted 
regarding  the 
fixing  of  the  up- 
rights when  a  fillet 
has  to  be  made,  as 
shown  in  Fig.  i. 
The  author  found 
that  it  was  better 
to  fix  the  uprights 
on  the  foundation 
slab,  as  already 
suggested,  a  n  d 
then  let  the  fillet 
be  formed  between 
these,  boxes  being, 
of  course,  made  for 
same,  the  cavities 
made  by  the  up- 
rights being  filled 
in  with  •  concrete 
after  the  5-in.    x    2-in.  or  7-in.    x    2-in.  uprights  had  been  removed. 

Great  care  should  be  taken  that  the  upper  portion  of  the  wall  is  well  stayed 
in  case  of  severe  gales.  A  short  length  of  the  wall  just  erected  by  the  author 
at  Bridlington  suffered  slightly  in  its  upper  3  ft.  by  two  or  three  of  the 
uprights  having  a  little  play  at  the  tops. 

He  did  not  find  it  necessary  to  coat  the  forms  with  soft  soap  or  vaseline  to 
facilitate  their  removal.  All  forms  were  taken  down  at  the  expiration  of  about 
a  month. 

In  conclusion,  he  would  say  that  in  his  opinion  much  excellent  reinforced 
concrete  work  is  spoiled  by  insecure  and  insufficiently  rigid  forms  and  center- 
ing, and  he  urges  those  engaged  in  the  carrying  out  of  works  in  this  material 
to  pay  greater  attention  to  this  important  part  of  the  work. 


Fio.  4.  View  of  back  ov   Wall  takkn  after  Removal  of  Forms. 
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By  OSCAR  FABER,  B.Sc,  A.M.I.C.E. 

The  article  below  on  the  construction  of  a  reinforced  concrete  chimney-stack  is  taken 
from  an  article  by  Mr.  Oscar  Faber  in  ' '  Engineering, ' '  December  22,  I'*!!,  "which  should  be 
of  interest  to  our  readers.  —ED. 

The  reinforced-concrete  chimney  described  below  was  erected  to  the  order  of  a 
company  in  London  on  a  site  near  Drury  Lane,  W.C.,  the  object  of  the  stack 
being-  to  carry  the  exhaust  gases  from  internal-combustion  engines  to  such  a 

height  from  the  ground  that  they  cannot 
I  ~]      I      ~     constitute  a  nuisance  in  the  surrounding 

II  !       neighbourhood.     The  stack  is  erected  to 

replace  four  steel  pipes  having  a  total 
height  of  85  ft.  from  the  gTound,  which 
were  found  to  be  insufficient  to  effect  the 
above-mentioned  purpose. 

The  new  shaft  is  144  ft.  g  in.  in 
height,  measuring  from  the  top  of  foun- 
dations, which  coincides  with  basement- 
floor  level.  As  the  volume  of  gases  to 
be  carried  up  is  comparatively  small,  an 
inside  diameter  of  2  ft.  6  in.  was  considered  sufficient. 

It  will  be  of  interest  here  to  explain  the  considerations  which  led  to  the 
erection  of  the  chimney  in  reinforced  concrete.  The  chimney,  if  built  of  brick, 
would  have  to  comply  with  the  London  Building  Act  of  1894,  Section  65,  which 
enacts,  inter  alia — 

(i)  Every  shaft  shall  .  .  .  taper  gradually  from  the  base  to  the  top  of  the 
shaft  at  the  rate  of  at  least  2h  in.  in  10  ft.  of  height. 


Fig.  1. 


THUS  THUS 

DETAILSo.FlRE-BRICKS 


Fig.  2. 


(2)  The   thickness  of  brickvvork   at  the  top  of  the   shaft  .    .    .   shall  be  at 

least  8h  in.,  and  shall  be  increased  at  least  one  half-brick  for  every  20  ft. 
measured  downwards. 
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Fig.  3.    Plan  of  Chimney. 


(6)  The  width  of  the  base  of 
the  shaft  .  .  .  shall  be  at  least  .  .  . 
if  the  same  is  round  .  .  .  one- 
Iwelfth  of  the  height. 

(7)  Any  fire-bricks  built  inside 
the  lower  portion  of  the  shaft  shall 
be  provided  as  additional  to,  and 
independent  of,  the  thickness  of 
brickwork  prescribed  by  those 
rules,  and  shall  not  be  bonded 
therewith. 

It  will  be  seen  from  these  that 
the    minimum    dimensions    permis- 
sible for  the  brick-shaft  would  be  : 
Outside  diameter  at  top       .  .     4  ft. 
,,  base     ..     12  ft. 

Wall  thickness  at  top  ...      gin. 

,,  ,,  base  ...     3  ft. 

Allowing;  a  wind  pressure  of 
25  lb.  per  sq.  ft.  on  the  projected 
area  of  the  chimney  (this  pressure 
being-  assumed  to  include  the  reduc- 
tion factor  for  circular  cross- 
section),  it  will  be  found  that  the 
overturning-  moment 

M=  1,748,000  ft. -lbs., 
and  the  weig-ht 

W  =  638,000  lb. 
Whence 

the  eccentricity  c  =  2"74  ft. 
If  the  brickwork   were  capable 
of  resisting-   tension,    the   maximum 
compressive  stress  would  be 

_63_8^cno      1,748,000 

sTtT      158-8 

=  7530+11,000=18,530  lb./ft.% 
or  128  lb. /in.' 

This  figure  would  only  be  justi- 
fied if  the  brickwork  were  capable 
of  resisting  a  tensile  stress  of 
3,470  Ib./ft.^ 

or  24"i  Ib./in.- 
The  exact  calculation  of  the  maxi- 
mum    pressure     when     the     tensile 
strength  is  ignored  is  not  a  simple 
matter,    although   it   may   be   deter- 
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mined  in  the  same  manner  as  that  advocated  for  reinforced-concrete  chimneys 
in  the  article  by  Messrs.  Taylor,  Glcnday,  and  the  writer,  which  appeared  in 
Engineering,  March  13th,  1908.  It  is  obvious,  however,  that  it  would  exceed 
I  '  .  -^        128  lb.  per  sq.   in.,  whereas  125  lb.  per  sq.  in. 

is  the  limiting  stress  allowed  by  the  London 
County  Council  for  hard  brick  in  cement 
mortar.  It  will  be  seen,  therefore,  that  an 
outside  diameter  of  12  ft.  is  not  only  the  least 
permissible  by  the  London  Building  Act,  but  is 
also  the  least  which  a  prudent  engineer  would 
care  to  erect. 

This  size  of  chimney,  though  small  in  com- 
parison to  its  height,  is,  however,  considerably 
greater  than  could  be  erected  at  Short's  Gar- 
dens, owing  to  great  scarcity  of  room.  The 
alternatives  were  therefore  reduced  to  a  self- 
supporting  chimney  of  steel  or  reinforced 
concrete.  The  first  of  these  could  not  be 
passed  as  a  permanent  structure  by  the  London 
County  Council,  owing  to  the  corrosion  of  the 
steelwork,  and  only  a  reinforced-concrete  chim- 
ney would  meet  the  case.  When  it  is  seen  that 
the  diameter  at  the  base  was  kept  down  to 
5  ft.,  It  wall  be  seen  how  effective  was  the 
substitution  of  reinforced  concrete  for  brick. 

The  foundation  plan  is  shown  by  Fig.  i, 
while  the  details  of  the  design  are  illustrated 
in  Figs.  2  and  3.  From  these  It  will  be  seen 
that  the  lower  portion  of  the  chimney,  up  to 
flue  entrance,  is  i  ft.  3  In.  thick,  and  above 
that  6  In.  thick.  Above  the  flue  entrance  a 
lining  of  firebrick  5  In.  thick  is  provided,  with 
an  air-space  4  In.  thick  between  it  and  the  out- 
side shell.  Vent-holes  are  left  near  the  flue 
entrance,  through  which  a  current  of  air  Is 
induced  In  the  air-space  between  the  liner  and 
the  outer  shell. 

Some  theoretical  calculations  of  tempera- 
ture stresses  led  the  writer  to  a  system  of  con- 
struction In  which  timber  rings  are  embedded 
at  Intervals  on  the  Inside  face  of  the  concrete 
shell,  which  practically  reduces  to  zero  the 
stresses  due  to  expansion.  This  system  of 
construction,  which  is  patented  by  the  writer, 
was  adopted  by  the  Associated  Portland  Cement  Manufacturers  in  a  chimney 
built  by  them  at  their  works  at  Burham,  on  the  Medway.  This  chimney  has 
now   been   In   use   several   months,    and   Is   quite   free   from    any   cracks   due   to 


F'n-  4.     Vie-.v  in  course  of  construction. 
A  Reinforced  Conxrete  Chimney-Stack 
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temperature  stresses.      The  chimney  forming"  the  subject  of  this  article  was  also 
built  on  this  system,  and  is  here  also  proving  quite  successful. 


Fig.  5.    View  of  reinforcement  in  place  and  scaffolding 
A  Reinforced  Concrete  Chimney-Stack. 
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The  foundation  had  to  be  taken  down  15  ft.  below  basement  level,  which 
is  itself  14  ft.  9  in.  below  ground  level,  and  as  it  was  necessary  to  underpin 
the  existing  walls  under  which  it  was  built,  it  was  made  a  solid  block  of 
concrete  16  ft.  6  in.  by  14  ft.,  thus  serving  for  the  underpinning  also.  A 
staircase  is  formed  out  of  the  foundation  block  for  giving  access  to  the  engine- 
room,  which  is  below  the  yard. 

The  reinforcement  used  in  the  chimney  were  indented  bars,  supplied  by  the 
Indented  Bar  and  Concrete  Engineering  Co.,  Ltd. 

The  firebrick  lining  consists  of  special  firebricks  made  with  a  raised  rib, 
2  in.  by  f  in.,  fitting  into  a  corresponding  recess  in  the  next  course.  To  ensure 
the  lining  remaining  concentric  with  the  outer  shell,  special  bricks  are  used  at 
intervals  10  ft.  apart,  with  side  projections.  About  f-in.  clearance  is  left 
between  these  projections  and  the  outer  shell  to  allow  for  expansion  of  the 
firebricks. 

The  work  was  carried  out  by  Messrs.  TroUope  &-  Colls,  of  5,  Coleman 
Street,  E.C. ,  to  whom  the  writer  is  chief  engineer. 
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THE   EXTENSION    OF  THE 

SWEETWATER   DAM, 

CALIFORNIA. 


The  ivjl!  described  teloiu,  -which  consisted  in  the  alteration  of  a  concrete  da-n — which 
tuas  built  some  twenty-three  years  ago— from  the  arch  to  the  gravity  type,  contains  some 
engineering  features  of  special  interests  — ED. 


I\  the  spring-  of  1910  the  Sweetwater  Water  Company  decided  to  enlarge  the 
reservoir,  which  had  been  built  twenty-three  years  previously,  to  about  double 
its  capacity  by  the  addition  of  20  fl.   to  tlie  height  of  the  dam. 

An  account  oi  the  interesting^  work  entailed  by  this  addition   is  given   by 
Mr.    James    D.    Schuyler,    M..'\m.Soc.C.E.,    who   desig^ned    and    supervised    the 


Tower  for  Distributing  Concrete. 
The  Extension  of  the  Sweetwater  Dam,  California. 
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addition  as  well  as  the  original  structure,  in  The  Engineering  Record,  from 
which   our   particulars   are   taken. 

The  effectiveness  of  the  completed  dam  must  depend  essentially  upon  the 
combined  resistance  of  both  the  old  and  the  new  walls,  and  since  the  latter 
has  to  be  regarded  merely  as  a  gravity  wall,  it  was  deemed  best  to  ignore  the 
beneficial  influence  of  the  existing  curvature  further  than  as  a  substitute  for  the 
reinforcement  against  tensile  strains  lacking  in  a  straight  wall. 

It  was  decided,  therefore,  to  make  the  old  dam  capable  of  resisting  by 
gravity  alone  and  under  moderate  unit  stresses  the  maximum  load  imposed 
by  a  water  plane  at  El.  22o'o.  Second,  to  design  the  additional  structure  so 
that   by    its   combination   with   the   old   one   the   finished   dam    might    resist   by 


View  Showing  Change  of  Section  of  New  Wall. 
Extension    of   the    Sweetwater    Dam,   California, 

gravity  alone  the  maximum  pressure  caused  by  a  rise  of  the  lake  to  the  crest  of 
the  new  parapet  at  El.   240-0,  or  5  ft.   above  the  spillway. 

■  These  results  were,  of  course,  to  be  accomplished  with  the  greatest  possible 
economy  of  masonry. 

In  the  old  wall,  under  the  maximum  load  of  full  reservoir  to  the  crest 
of  its  parapet.  El.  22o'o,  the  pressures  were  31,564  lb.  per  sq.  ft.  ait  the  toe 
and  11,550  lb.  per  sq.  ft.  at  the  heel.  In  fact,  the  negative  pressure 
indicated  meant  a  considerable  tension,  or  about  80  lb.  per  sq.  in.  This  was 
not  serious  in  a  masonry  wall  of  the  high  quality  of  construction  possessed  by 
the  old  dam,  but  it  is  considered  good  practice  to  avoid  tensile  stresses  in 
masonry,  and  in  order  to  place  the  dam  in  normal  condition  as  a  gravity  struc- 
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tun-  the  one  tiling-  needed  was  to  effect  a  heller  distrihutitjn  of  pressures 
oxer  ihe  fouiidalion.  This  foundation,  hy  the  way,  is  a  tough  porphyry  rock 
of  many  dips  and  angles,  forming-  an  ideal  surface  for  honding-  with  masonry. 
To  distrihute  ihc  pressure  so  as  to  eliminate  tension  it  was  only  necessary  to 
remove  the  toe  iy2^  ft.  farther  down  stream,  when  the  pressures  hecame  positive 
for  any  further  increase  of  liase.  'i'his  extension  of  the  toe  of  the  old  wall  was, 
of  course,  a  portion  of  the  foundation  of  the  new  wall,  in  which  the  stresses 
of  the  old  structure  were  transmitted  tO'  the  foundations  by  a  system  of  steel 
rail  reinforcement.  Since  the  use  of  tension  reinforcement  in  the  upstream 
face  of  the  old  wall  was  out  of  the  question,  the  substitute  for  it  had  to  be 
made  by  compression  members  on  the  downstream  side.      A  grillage  formed  of 


Form  Work  at  the  Top. 
The  Extension  of  the  Sweetwater  Dam. 


three  layers  of  6o-lb.  rails  laid  horizontally  was  built  up  in  the  footing  of  the 
new  foundation  so  as  to  insure  its  rigidity  in  spreading  the  pressure  over  the 
bedrock.  This  grillage  was  connected  with  the  old  dam  in  the  following 
manner  : 

A  distance  of  i6  ft.  was  measured  from  the  toe  of  the  old  dam  as  repre- 
senting the  width  of  the  theoretical  extension  of  its  base,  and  in  this  space 
inclined  tiers  of  6o-lb.  track  rails,  3  ft.  and  3*5  ft.  apart  in  vertical  plane, 
and  3  ft.  apart  horizontally,  were  embedded  in  concrete  with  their  lower  ends 
resting  on  horizontal  courses  of  single  rails,  placed  concentric  to  the  old  dam 
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i  m  m  e  diately 
overlying-       the 
bottom        gril- 
lag-e.        The 
upper    ends    of 
these         struts 
were     similarly 
capped  by  hori- 
zontal   rails. 
The    struts 
were      inclined 
upward  toward 
the        down- 
stream  face   of 
the  old  wall,  at 
an    ang-le    with 
the    horizon 
slightly 
smaller        than 
the      angle      of 
repose   of   con- 
crete on  rubble. 
As      the      rock 
ledge      is      un- 
yielding      a  1  1 
pressures  tend- 
ing    to     crush 
the  masonry  at 
the  toe  are  met 
by      the      steel 
a  n  d    concrete 
pillar       formed 
by        the       ar- 
moured portion 
of    the    footing 
with     no     pos- 
s  i  b  i  1  i  t  y    of 
sliding.  I    n 

other  words, 
the  old  wall  is 
n  o  w  braced 
against  the 
bottom  of  the 
pit  into  which 
the  new  one  is 
built  by  a 
toggle      action 
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wliosf  oiilv  liinil  is  tlu-  crusliiiiif  resistance  of  the  concrete  and  steel  of  the 
strut. 

W'itli  its  t(H-  tluis  extended  the  maximum  load  on  the  old  wall  is  distributed 
to  the  foundations  as  follows  : 

At  the  new  toe,  i;>,542  lb.  per  sq.  ft.  ;  at  the  old  toe,  10,380  11).  per  sq.  ft.  ; 
at  the  heel,  1,273  "'•  P*^'"'  ^^1-  "•  -^'^  ''^'-'  pressures  thus  become  positive  and 
tension  is  eliminated. 

The  iic7i<  uuisoiny  consists  of  three  distinct  divisions  : 

1.  .\  wall  of  concrrle  in  the  form  of  a  concentric  monolith  built  against 
and  resting-  upon  the  downstream  face  of  the  old  dam. 

2.  A  vertical  extension  of  the  old  wall,  with  parapets  carrying-  the  road- 
wav  and  surmountinif  the  old  wall. 

3.  .\n  independent  spillway  channel,  built  parallel  with  the  lake  for  228  ft. 
and  passing-  through  the  south  end  of  the  dam,  where  it  connects  with  the  old 
waste  way,  well  fortified  in  1895  by  an  apron  of  concrete  and  steel  to  receive 
the  batter  of  any  possible  overpour. 

The  Downstream  Wall. —  1  he  height  of  the  new  slab  added  to  the  down- 
stream side  of  the  old  wall,  its  great  weight  and  the  comparatively  short  time  in 
which  it  was  to  be  built  seemed  to  point  to  the  certainty  of  material  settlement 
during  or  shortly  after  construction,  with  consequent  damage  to  the  region  of 
contact  in  the  shape  of  molecular  stresses  and  not  improbabl}  of  more  or  less 
extensive  cracks  in  case  an  attempt  had  been  made  to  bind  the  new  work 
to  till'  old  bv  anchor  rods  or  by  mere  surface  tension  U'elding. 

This  was  not,  ln)wi-ver,  the  most  serious  consequence  to  be  anticipated  and 
avoided.  While  the  old  dam  iiad  been  fairly  watertight  and  most  of  the 
original  seepages  had  dried  up  after  a  long  period  of  laitance  action,  there 
were  some  small  leaks  representing  a  constant  outflow  of  w-ater,  although  in 
reality  of  no  import  except  as  afl'ecting  the  appearance  of  the  structure.  With 
a  new  wall  closely  joined  to  one  oozing  with  water  in  places,  the  practical 
effect  would,  in  time,  have  been  to  transfer  the  entire  hydrostatic  pressure 
from  the  old  wall  to  the  new  one,  instead  of  dividing  the  load  between  them. 
The  new  wall  ua>,  of  course,  not  designed  to  substitute  the  old  one,  but  only 
to  reinforce  it,  so  that  unless  tlie  leakage  could  be  absolutely  disposed  of  the 
new  wall  might  be  ruptured  by  the  imposition  of  unforeseen  strains.  It  was, 
therefore,  decided  to  forego  any  attempt  to  unite  the  new  work  to  the  old,  but 
to  purposely  separate  them  by  such  spaces  as  will  afford  channels  for  the 
water  to  pass  off  permanently  and  freely  without  accumulating  head  against  the 
new  wall.  To  accomplish  this  object  sheets  of  No.  2y  corrugated  steel  were 
spread  over  the  entire  downstream  face  of  the  old  dam  in  horizontal  rows,  with 
the  usual  overlap  of  2^  in.  customary  in  roof  covering,  the  corrugations  being  set 
vertically.  The  horizontal  seams,  likewise  overlapping,  were  covered  with  coarse 
muslin  to  prevent  the  mortar  from  oozing  through  the  joints.  This  curtain  of 
corrugated  steel  was  carried  up  slightly  in  advance  as  the  wall  progressed  and 
appeared  to  serve  the  purpose  admirably,  as  each  corrugation,  reaching  from 
bottom  to  top,  forms  a  drainage  channel.  The  water  is  draw-n  off  from 
behind  the  sheet  through  2-in.  pipes  placed  at  intervals  of  30  ft.,  leading 
into  a  drainage  tunnel  6^  x  3^  ft.,  built  concentric  with  the  old  dam  a  few 
2  I  2 
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feet  away  from  it,  with  a  branch  Icadinj^-  outside  for  disrharj^-iny  tin-  water 
entirely  below  the  wall. 

In  placing-  the  concrete  against  the  corrugated  plates  every  corrugation 
was  thoroughly  filled  so  that  in  effect  the  points  of  contact  between  the  new 
wall  and  the  old  one  consist  of  a  series  of  continuous  vertical  ridges  faced  with 
steel  2^  in.  apart,  with  intermediate  valleys  or  drains.  The  area  of  contact  was 
sufficient  to  prevent  crushing  of  the  plates,  which  were,  moreover,  stiffened  by 
the  concrete  filling  in  the  corrugations.  The  lower  tier  of  sheets  rested  on 
top  of  a  small  conduit  extending  entirely  across  the  face  of  the  dam,  with 
a  slight  grade  from  each  end  towards  the  centre. 

When  the  two  walls  are  simultaneously  under  load — viz.,  when  the  water 
rises  above  El.  220*0 — the  distribution  of  pressures  becomes  as  follows  : 

At  the  new  toe,  11,651  lb.  per  sq.  ft.  ;  at  the  old  toe,  7,037  lb.  per  sq.  ft.  ; 
at  the  old  heel,  o  lb.  per  sq.  ft.  ;  and  the  resultant  of  pressures  meets  the 
foundation  at  the  point  of  passage  from  its  middle  to  its  downstream  third. 
The  stability  of  the  structure,  both  in  separate  parts  and  as  a  whole,  is  therefore 
insured. 

In  the  determination  of  the  resistance  against  overturning  of  the  new 
wall,  considered  as  a  vertical  beam,  fixed  at  its  lower  end  in  the  bedrock 
foundation  by  virtue  of  its  dead  weight  and  the  cohesion  of  the  concrete  to 
the  ledge,  tensile  strains  are  found  to  develop  in  its  face  of  contact  with  the 
old  dam  greater  than  the  ordinary  working  stresses  used  with  plain  concrete. 
Hence  it  became  necessary  to  counteract  these  stresses  by  a  reinforcement  of 
40-lb.  and  30-lb.  track  rails,  extending-  upward  to  a  point  w^here  the  concrete 
alone  could  safely  withstand  the  bending  stresses  developed  ;  about  307" 5  tons 
of  rails  were  thus  employed. 

Crest  aaid  Parapet. — The  portion  of  the  enlarged  dam  which  gives  the 
actual  increase  in  storage  capacity  sought  rests  on  top  of  the  old  wall  almost 
exclusively,  and  is  actually  independent  of  the  great  slab  of  concrete  which  is 
mentioned  hitherto  as  the  new  wall.  Its  cross-section  is  practically  a  triangle 
with  thin  walls  at  intervals  of  10  ft.  carrying  a  12-ft.  roadway  with  parapets 
and  a  thin  wall.  The  new  crest  wall  has  been  anchored  to  the  old  wall 
with  two  i^-in.  square  twisted  steel  bars,  10  ft.  long-,  placed  at  intervals  of 
5  ft.,  about  half  their  length  being  inset  in  large  drill  holes  side  by  side  and 
the  upper  half  being  embedded  in  the  new  concrete. 

All  of  the  new  concrete  on  the  water  face  was  covered  with  a  coat  of  cement 
plaster,  to  which  hydrated  lime  was  added  to  the  extent  of  10  per  ceht.  of  the 
cement  in  the  plaster.  About  5  per  cent,  of  hydrated  lime  was  used,  in  fact, 
throughout  all  the  concrete  to  obtain  maximum  density  and  watertightness. 

The  system  of  concrete  delivery  adopted  by  the  contractor,  Mr.  Arthur  S. 
Bent,  of  Los  Angeles,  was  one  which  was  developed  in  this  city  on  building- 
construction,  and  used  at  the  Sweetwater  Dam  for  the  first  time  on  so  extensive 
a  work  as  dam  building.  It  proved  to  be  a  very  satisfactory  method.  It  con- 
sisted of  a  high  tower,  over  200  ft.  in  extreme  height,  erected  at  the  toe  of 
the  dam,  about  at  its  centre.  At  the  foot  of  this  tower  the  concrete  was  mixed 
and  emptied  into  a  dumping  skip,  which  was  hoisted  up  to  the  tower  to  any 
desired  level,  where  it  was  dumped  into  a  hopper  feeding  into  light  sheet-iron 
pipes,  or  flumes  suspended  from  a  fixed  cable. 
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RECENT  VIEWS  ON 
CONCRETE  AND  REIN. 
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THE  CONCRETE  INSTITUTE. 


It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method ive  are  adopting,  of  dividing  the  subjects  into  sections,  is,  tue  believe,  a 
nev)  departure. — ED. 


THE   CONCRETE   INSTITUTE. 

THE  AESTHETIC  TREATMENT  OF  CONCRETE. 

Paper  by  PROFESSOR  BERESFORD  PITE,  F.R.I.B.A. 

At  the  First  Summer  Meeting  of  the  Concrete  Institute  held  in  June  last  Professor 
Beresford  Pite  delivered  a  lecture  on  "  The  /Esthetic  Treatment  of  Concrete."  In  our 
issue  of  July,  igii,  we  gave  a  short  suni)uary  of  this  paper  and  of  the  subsequent 
discussion.  Owing  to  the  importance  of  the  subject,  it  ivas  decided  that  another 
meeting  should-  be  held  to  discuss  the  matter  further.  This  meeting  took  place  on 
February  8th,  igi2.  Sir  Henry  Tanner.  I.S.O.,  F.R.I.B.A.,  President  of  the  Institute, 
in  the  chair.  We  are  again  giving  the  short  abstract  of  the  paper  supplied  to  us  by 
the  Institute,  together  zuitli  a  lengthy  summary  of  the  second  discussio)i.  A  number 
of  lantern  slides  were  shown  of  various  rei)iforced  concrete  structures,  anrf  the  lecturer 
dzvelt  at  some  length  on  the  particular  features  of  each  building. 

Simplicity  of  intention  in  constructional  design  may  issue  in  a  native  or  spontaneous 
aesthetic  quality.  An  undesigned  beauty  reached  without  treatment  is  often  attained 
by  such  a  structure  as  the  Forth  Bridge  or  a  reinforced-concrete  silo.  Mediaeval 
architecture  grew  up  as  a  constructive  method  without  aesthetic  purpose  and  achieved 
results  of  great  beauty.  Is  not  the  opportunity  given  by  the  new  process  of  reinforced 
concrete  building  one  that  could  be  utilised  for  the  erection  of  the  much-desired  original 
and  modern  style  of  architecture?  Are  the  new  material  and  method  together  suffi- 
cient motive?  Truthfulness  of  design  to  constructive  purpose  and  elemental  sound- 
ness of  proportion,  are  these  sufficient  to  provide  that  pleasantness  to  the  eye  which 
is  desiderated? 

Four  conclusions  arrived  at  :  (i)  We  have  no  instinctive  guidance  towards  an 
unbiassed  originality  for  a  concrete  architecture;  (2)  Abstract  principles  like  those 
invoked  of  proportion  are  of  no  assistance;  (3)  Superficial  treatments,  as  by  colour, 
are  insufficient  for  architectural  expression,  though  valuable  in  assistance;  (4)  The 
texture  cf  concrete  surfaces  modifies  and  imparts  special  character  to  any  forms 
employed  for  architectural  purposes.  Therefore,  while  modern  considerations  of 
utility  and  of  novel  constructional  methods  determine  proportions,  and  may  ultimately 
develop  ^esthetic  qualities,  the  scholarly  and  critical  analysis  and  employment  of 
traditional  architectural  forms,  'suitably  modified  for  execution  in  concrete,  is  the 
proper  method  for  the  aesthetic  treatment  of  concrete. 

A  historical  review  of  the  development  of  some  characteristics  of  Egyptian, 
Greek  and  Roman  architecture  furnishes  proofs  of  the  non-relation  of  esthetic  treat- 
ment to  direct  constructive  facts.  Idealised  representations  of  ancient  types  form 
the  basis  of  both  EsJvptian  and  Greek  characteristics,  while  the  Romans  frankly 
separated  the  decorative  from  the  practical  purposes  of  architecture.  In  Gothic  art, 
however,  the  constructive  craftsman  was  the  artist,  and  the  development  of  decoration 
is  integral  with  building  craft.     In  the  other  crafts  of  wood  and  plaster  work  motives 
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are  imitated  from  stoneworiv  and  illustrate  the  modifications  produced  by  the  texture 
of  the  material  into  the  desif*n  of  details  :  of  this  the  Elizabethan  ornamental  plastered 
ceilinj^s  originated  from  'ludor  vaultinj^s  are  illustratii)ns. 

Modern  novelty  of  constructive  method  does  not  remove  necessity  for  study  of 
architectural  develo|)ment,  but  it  will  aid  adaptation  and  modification,  and  thus  pave 
the  way  for  develoiMnent.  Modern  Continental  design  is  too  eager  to  demonstrate 
elasticity  possible  in  employment  of  form  in  unusual  architectural  relations.  At  home 
we  still  are  safely  and  timidly  putting  brick  and  stone  fronts  to  concrete  buildings. 
There  is  a  great  future  before  concrete  building,  and  it  deserves  that  close  and  patient 
architectural  study  which  deriving  from  the  past  will  give  certainly  to  the  future 
aesthetic  treatment  of  the  material. 

ADJOURNED  DISCUSSION. 

Mr.  A.  Albaa  H.  Sco'.t,  M.S  A ,  ))roposed  a  vote  of  thanks  to  Professor  Beresford  Pile 
for  his  attendance  that  evening  to  give  them  the  chance  of  further  discussing  his  paper. 

It  was  a  paper  which,  as  a  Conrrele  Institute,  it  was  most  difficult  for  any  one  of  them  to 
study,  perhaps  because  none  of  them  was  qualified  to  discuss  in  any  way  a  question  of 
architecture  or  its  treatment. 

The  line  which  he  would  very  murli  advocate  was  that  they  should  give  up  practically  all 
idea  at  present  of  applying  ornament  to  reinforced  concrete  work,  because  he  felt  that  if  they 
attempted  to  apply  ornament  at  the  present  time  they  would  get  most  disastrous  results. 

But  with  this  new  material  there  were  other  problems  which  arose  which  in  every  way 
altered  the  constructional  work.  There  was  one  point  which  had  been  brought  up  quite  recently 
— the  treatment  of  the  under-surfaces  of  floors  with  very  large  spans.  In  every  building  of 
reinforced  concrete  it  would  be  necessary  to  introduce  in  the  constructional  parts  beams  of 
greater  depth  than  the  floor-covering  material ;  but  there  was  a  type  of  floor,  now  known  as 
the  mushroom  type,  where  it  came  up  and  spread  out  in  a  sort  of  fan-shape,  and  the  whole  of 
the  factory  was  flat.  He  thought  that  in  a  very  large  building,  a  factory  or  otherwise,  an 
absolutely  flat  ceiling  without  any  beams,  for  the  moment,  gave  one  rather  a  shock  ;  but  he 
thought  that  was  a  proper  and  efficient  treatment  of  this  material,  though  perhaps  it  woidd 
not  conform  to  the  grammar  of  architecture. 

He  had  asked  an  engineer  that  evening  if  he  thought  it  was  possible  to  get  successful 
fagade  treatment  in  reinforced  concrete,  and  he  said  most  decidedly.  It  turned  out  that  it 
was  treatment  of  plaster  inside  jointed  up  to  imitate  stone,  which  was  a  thing  he  thought  they 
should  avoid  ;  and  that  was  one  of  the  reasons  why  he  advocated  no  ornamental  work  for 
concrete.  They  should  leave  it  exactly  as  it  came  from  the  centering  and  only  take  off  the 
large  excrescences  and  leave  the  work  as  if  it  was  hand  work  as  opposed  to  machine  work. 

He  would  go  farther  than  that,  and  would  not  have  the  concrete  work  faced  up  absolutely 
to  a  dead  line.  He  did  not  say  he  would  eschew  concrete  in  w^ork  of  that  sort,  but  he  did  not 
attempt  to  get  a  very  definite  line  anywhere. 

Some  people  had  an  idea  that  concrete  was  an  essentially  coarse  material,  and  a  material 
which  required  coarse  treatment  ;  but  he  was  very  much  opposed  to  that.  He  liked  to  think 
that  it  ought  to  be  treated  with  the  highest  degree  of  refinement.  He  would  do  the  same  with 
concrete  as  with  cast-iron  material,  and  would  not  attempt  to  trim  off  every  little  point  that 
happened  to  come  along.  It  was  rather  unfair  to  ask  whether  Professor  Beresford  Pite  would 
consider  that  it  was  a  legitimate  thing  absolutely  to  construct  the  vaults  of  a  church  with 
reinforced  concrete.  In  that  case  he  presumed  that  the  lecturer  would  not  be  opposed  to 
superficial  treatment  such  as  is  likely  to  be  caused  by  stonework.  That  was  a  case  where,  for 
interior  work,  superficial  treatment,  mosaics  or  paintings,  were  an  essentially  correct  treatment, 
and  you  could  give  it,  if  necessary,  a  coating  of  plaster  or  cement. 

Mr.  Arthur  T.  Bolton,  A.R.I.B.A.  —  There  was  a  question  whether  reinforced  concrete 
was  known  to  the  Romans  or  not.  He  would  suggest  to  his  engineering  friends  to-night  to 
consider  the  cold-water  baths  of  the  Baths  of  Caracalla  at  Rome.  Now  this  was  a  gigantic 
hall  with  a  span  of  60  ft.  or  80  ft.,  or  something  like  that,  and  ancient  writings  told  them 
that  its  flat  ceiling  was  one  of  the  marvels  of  Rome.  The  ceiling  being  flat,  it  had  in  it  three 
or  four  large  openings  for  lantern  lights.  How  did  the  Romans  construct  a  concrete  ceiling  on 
that  gigantic  scale  flat  and  with  these  openings  in  it?  Professor  Laneiani,  who  has  devoted 
a  lifetime  to  the  study  of  antiquities  of  Rome,  mentioned  in  one  of  his  books  that  when 
this  cold-water  bath  was  explored  great  quantities  of  T-irons  were  removed.  The  plan  of 
Caracalla's  Baths  was  in  every  textbook  on  architecture.  Now  our  engineering  friends  here 
might  see  what  they  could  do  with  the  problem,  and  consider  whether,  with  the  aid  af  T-irons 
and  concrete,  they  could  construct  or  reconstruct  this  wonderful  roof  of  the  Romans. 

Of  course,    the  Romans,   iin  using  concrete,   reinforced   it  with   fire  bricks  or  quarry   tiles, 
as  we  should  call  them — large  tiles  either  two  feet  or  a  foot  square  and  15  in.  or  2  in.  thick  ; 
and   with  these  they  counteracted  the  shrinkage  or  other  deficiencies  of  concrete,   and   formed 
temporary  or  permanent  centerings  which  enabled  them  to  get  on  well  with  the  work. 
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The  secret  of  the  Roman  concrete  was  a  thing  which,  to  him,  was  absolutely  mysterious. 
He  was  very  familiar  with  the  great  Roman  fortress  a  mile  and  a  half  from  Sandwich,  known 
as  Richborough  Castle.  This  enclosure,  covering  several  acres,  was  still  surrounded  by  a 
great  Roman  wall.  There  was  a  wall  there  about  30  ft.  high  and  10  ft.  thick  and  of  great 
length,  and  when  the  railways  were  being  constructed  the  barbarians  destroyed  the  sea-wall 
to  use  the  material  for  the  purpose  of  the  railway.  On  the  return  wall  to  this  sea-front 
they  excavated  a  great  opening.  It  was  more  than  high  enough  to  walk  into  the  cavity 
and  it  extended  8  ft.  6  in.  in  depth,  and  it  left  4  in.  beyond.  The  span  of  that  opening  was 
50  ft.  ;  therefore  you  have  a  concrete  girder,  say  20  ft.  in  depth  and  50  ft.  span  and  8  ft.  6  in. 
in  thickness  without,  of  course,  the  slightest  sign  of  crack  or  difficulty  ;  and  so  it  had  been 
since  the  time,  say  forty  or  fifty  years  ago,  when  the  cutting  was  made.  So  far  as  one  could 
see,  it  was  constructed  of  nothing  but  the  materials  on  the  spot — the  gravel  from  the  beach, 
flints,  and  the  rough  sort  of  half  stone,  inferior  Kentish  rag,  which  could  be  obtained  on  the 
spot,  and  the  mortar  appeared  to  be  the  ordinary  chalk  mortar. 

Now  what  he  wanted  to  know  was,  what  did  the  Romans  mix  with  that  mortar  which 
transformed  it  into  a  material  as  hard  as  our  Portland  cement ;  because  inside  that  enormous 
wall,  10  ft.  thick,  the  hardness  of  the  material  was  just  as  good  as  it  was  on  the  outside? 
Of  course,  when  the  Romans  left  this  country  something  or  other  which  had  been  used  in  the 
mortar  was  no  longer  used,  and  the  Normans,  attempting  to  do  buildings  of  the  Roman 
character,  made  a  fearful  mess  of  it.  Most  of  their  central  towers  collapsed  because  of  the 
mortar  being  bad  ;  it  became  like  sand,  and  the  towers  collapsed  in  consequence.  Whether 
the  Romans  carried  about  with  their  armies  Puzzolana,  or  volcanic  ash,  or  something  equivalent 
to  that  in  its  effects,  he  did  not  know  ;  but  it  was  a  subject  exceedingly  well  worth  investigation. 

Turning  to  another  aspect  of  the  question — the  finish  of  this  concrete — he  happened  to 
look  at  the  Engineering  Supplement  of  The  Times,  and  he  saw  there  an  article  about  mica 
used  in  facing  certain  reinforced  concrete  telegraph  poles.  Well,  of  course,  in  granite  and 
all  materials  like  mica,  and  so  on,  you  had  a  grand  opportunity  of  lightening  up  the  surface 
of  concrete.  Anyone  who  had  tried,  for  instance,  a  rough  cast  of  granite  in  Portland  cement 
would  see  how  very  much  better  an  effect  could  be  obtained  from  the  nature  of  the  granite, 
particularly  from  the  pink  Leicestershire  granite,  than  was  available  from  the  ordinary 
gravels  or  sands.  And  there  were  considerable  possibilities  by  the  use  of  acids  in  removing 
the  excess  of  cement  over  certain  portions,  and  in  that  way  varying  the  monotony  of  the 
concrete   surface. 

There  was  no  doubt  that  reinforced  concrete  was,  in  a  way,  a  new  material.  As  he 
understood  the  theory,  reinforced  concrete,  and  the  practice  of  it,  so  far  as  it  had  gone,  claimed 
that  out  of  concrete  and  steel  it  made  a  new  material  which  had  qualities  which  were  something 
more  than  the  mere  union  of  the  two  might  imply.  And,  of  course,  there  was  the  aspect  of 
permanency  about  it  which  had  not  been  given  by  any  other  steel  or  iron  materials.  The 
exact  way  in  which  it  was  going  to  be  used  and  how  eventually  it  would  develop  was  a 
question  which  not  one,  two,  or  three  generations  were  likely  to  solve,  so  far  as  the  architectural 
truth  of  treatment  is  concerned. 

Mr.  E.  P.  Wells,  J. P.  —  He  objected  to  the  statement  that  concrete  -per  se  was  not 
beautiful ;  and  he  had  been  of  the  opinion  all  along  that  if  we  wanted  to  produce  anything  fit 
to  look  at  there  must  be  some  kind  of  external  treatment  to  produce  a  good  effect.  All  kinds 
of  means  had  been  attempted  by  plastering  and  imitation  stonework.  Now  and  again  one  saw 
a  building  in  concrete,  especially  in  the  country,  that  looked  particularly  well  •  if  in  town, 
where  it  got  the  usual  London  smoke,  it  then  developed  in  a  very  short  time  the  appearance  of 
nothing  but  stucco. 

Concrete  could  be  made  to  look  well  if,  when  constructed,  a  surface  work  of  mortar 
about  ig  in.  or  2  in.  in  thickness  were  worked  into  it.  That  applied  not  only  to  the  surface 
of  the  concrete  itself,  but  also  to  any  projections  and  mouldings  there  might  be.  And  if  that 
was  done,  even  if  no  lines  were  shown  to  represent  joints,  it  would  then  give  a  very 
respectable  appearance.  If  the  facing  was  made  in  plasters  or  cements  or  the  limestones,  it 
would  in  a  very  short  time  weather  and  become  nearly  white,  and  present  almost  the  appearance 
of  Portland  stone.  It  took  about  two  or  three  years  to  do  the  work,  but  it  was  also  easy  to  tool, 
and  at  a  very  low  expense  a  decent  appearance  could  be  given  to  a  concrete  surface  fer  se 
without  plaster  work  of  any  description  being  added  to  it. 

At  the  present  time,  as  references  had  been  made  to  silos,  there  was  no  doubt  about  it 
that  in  buildings  of  this  description,  if  you  put  them  up  purely  as  a  concrete  structure,  without 
anv  relief,  you  might  well  stick  people's  backs  up  at  their  want  of  architectural  beauty ; 
but  still,  taking  the  size  of  the  building  and  its  height,  with  careful  treatment,  with  a  few 
projections  and  with  pilasters,  it  could  be  made  to  look  particularly  well.     As  far  as  he  could 
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judge,  from  his  experience,  the  thing  was  not  to  keep  too  many  vertical  lines.  There  should 
be  a  series  of  breaks  in  the  silo,  and  then  a  very  decent  appearance  indeed  was  obtained. 
I^ut  if  there  was  a  vertical  basis  right  up  to  the  top  it  became  then  intensely  ugly. 

There  was  no  reason  why  in  large  structures,  outside  of  buildings,  especially  in  bridge 
work  and  where  there  were  large  arches,  it  should  not  be  jointed  in  the  usual  method  so  as  to 
represent  a  stone  face,  because  if  you  take  a  vane  arch  without  relief  of  any  description 
you  cannot  say  that  it  is  beautiful  unless  you  are  some  distance  away  from  it.  If  there  was  a 
model  to  mount  it  on,  then  the  illusion  was  all  right  ;  but  otherwise  it  was  not  beautiful. 
There  was  no  reason  at  all  why  in  the  treatment  of  concrete  we  should  not  adopt  the  usual 
architectural  methods.  It  was  an  artificial  stone,  the  same  as  a  brick  building  was  artificial. 
There  was  no  reason  why  it  shoidd  not  be  moulded  and  simply  adapted  and  treated  in  a  proper 
manner  so  that  it  was  pleasing  to  the  eye. 

Professor  Beresford  Pite  was  of  opinion  that  the  engineer  should  never  attempt  archi- 
tectural treatment  in  any  of  the  works  which  he  designed.  He  did  not  agree  at  all.  He 
thought  that  now  that  reinforced  concrete  had  come  to  the  fore  in  the  way  that  it  had 
a  great  deal  would  rest  with  the  engineer.  He  believed  in  collaboration  between  the  engineer 
and  the  architect,  but  when  they  did  have  an  engineer  who  had  a  moderate  training  also  as  an 
architect  there  was  no  reason  why  he  should  not  combine  both  engineering  and  architecture  : 
and  it  would  be  found  that,  especially  in  the  case  of  very  large  buildings  in  the  shape  of 
factories,  etc.,  you  would  get  as  good  a  design  from  the  engineer  as  from  the  architect. 

One  point  was  raised  by  the  last  speaker  with  regard  to  the  cjuestion  of  the  mortars  that 
were  used  by  the  Romans.  He  thought  it  was  a  well-known  fact  that  in  the  old  days  the 
Romans  simply  used  to  slake  their  lime,  generally  for  a  period  of  two  or  three  years  before 
it  was  used,  so  that  it  became  absolutely  hydrated.  There  was  no  free  lime  in  it  wdiatever, 
and  when  it  was  mixed  with  the  proper  proportions  of  sand  it  produced  a  mortar  that  was 
almost  equal  to  some  Portland  cement  mortar  of  the  present  day. 

Mr.  E.  Fiaader  Btchells,  F.Phys.Soc.  —  Reading  through  the  paper  and  listening  to  the 
discussion,  it  w^ould  appear  that  the  problem  to-day  divided  itself  into  two  parts — first, 
whether  we  should  consider  reinforced  concrete  as  a  framing  material  having  its  own  laws  and 
its  own  proportions,  and  whether  it  should  be  exposed  naked  to  the  world  ;  or  whether  we  should 
only  deal  with  it  as  a  skeleton,  and  clothe  it  with  some  other  material.  Until  the  architects 
themselves  had  decided  into  what  category  reinforced  concrete  goes,  he  did  not  propose  to 
express  any  opinion  whatsoever. 

Mr.  Herbert  Shepherd,  A.R.I  B.A.  —  With  regard  to  the  question  of  joints,  he  thought  it 
would  be  perfectly  admissible,  from  a  constructional  point  of  view  and  from  an  artistic  point 
of  view%  to  use  joints  in  reinforced  concrete,  because  it  must  necessarily  be  that  a  huge 
building  could  not  be  done  all  in  a  day  ;  however  big  the  slab  might  be,  you  could  not  do  it  in 
a  day.  It  seemed  to  him  that  it  would  be  a  very  good  thing  to  form  the  joint  as  the  work 
stopped  at  a  particular  day. 

Mr,  Lucien  Serraillier.  —  In  the  older  methods  of  construction,  such  as  masonry  and 
brickwork,  buildings  constructed  in  that  material  relied  entirely  for  their  stability  upon  the 
weight  of  the  material  itself.  With  reinforced  concrete  the  characteristic  feature  was  tension, 
and  the  typical  construction  in  reinforced  concrete  was,  in  his  opinion,  the  cantilever ;  he 
thought  an  improvement  would  take  the  direction  of  large  spans,  cantilevers,  and  our  ideas  of 
proportion  must  necessarily  be  somewhat  modified  by  this  new  form  of  construction. 

THE    LEC    URER'S  REPLY. 

Professor  Beresford  Pite,  in  rephing  to  the  discussion,  said  that  his  paper  was  quite 
clear  in  stating  that  "  the  only  method  by  which  definite  progress  in  an  architecture  of  concrete 
will  be  possible  to  us  is  by  the  scholarly  and  critical  employment  of  the  traditional  plastic 
forms  of  architecture."  Now  Mr.  Scott  seemed  to  have  been  under  the  impression  that  that 
was  not  the  lecturer's  opinion,  but  it  was;  and  he  thought  that  would  also  answer  some  of  Mr. 
Wells's  interesting  remarks.  One  of  the  speakers  had  supported  the  idea  that  an  engineer 
who  gave  attention  to  architecture  could  deal  with  the  subject,  and  that  it  was  possible  to 
imagine  certain  principles  of  proportion  and  apply  them  to  the  new  material  irrespective  of 
architectural  examples  in  other  materials.  He  would  say  flatly,  clearly  and  plainly  it  was 
not,  and  there  was  an  end  of  it — simply  it  was  not  possible.  It  was  not  possible  to  imagine  a 
system  of  proportions  for  a  new  material  apart  from  those  ideas  of  proportion  which  were 
derived  from  others. 

If  they  departed  from  the  accepted  proportions  which  were  derived  from  traditional 
architecture  they  were  at  sea — completely  at  sea.  They  might  talk  about  iheir  surface  ;  they 
might  imagine  that  an  occasional  joint  every  other  day  or  every  other  week,  when  there  was 
no   frost,  would  help  them;  but  it  would  not.     If  they  began  to  study  architecture  systemati- 
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cally,   the.v  would  find  lliat  the  sweet   little  exercises  with   which  they   employed  themselves  on 
such  huge  works  were  just  little  exercises  in  ignorance. 

Might  he  again  suggest  that  the  point  of  this  subject  was  that  the  aesthetic  or  the 
architectural  treatment  of  concrete  buildings  wanted  serious  study,  and  it  could  only  be  under- 
taken by  seriously  laying  hold  of  the  principles  of  architecture,  and  that  a  sort  of  sporting 
shot  at  it — a  sort  of  relying  upon  the  average  engineer's  acquaintance  with  architecture  who 
did  not  wish  to  make  a  fool  of  himself — was  not  enough.  They  might  take  it  for  gospel  if 
they  pleased,  there  were  rules  and  laws  easily  deducible  with  regard  to  the  principles  of 
architectural  beauty.  Now  apply  those  principles  to  concrete :  apply  the  principles  of 
architectural  tradition  to  concrete;  the  material  itself  would  act  through  its  texture  upon 
those  materials  and  create  itself — would  mark  it  for  its  own.  They  were  perfectly  at  libertv 
to  say  they  saw  no  harm  in  marking  reinforced  concrete  in  a  cantilever  bridge  with  the  joints 
that  represent  a  stone  arch  construction  ;  but  it  was  not  architecture,  and  it  was  not  engineering, 
and  it  was  not  an  sesthetic  treatment  of  concrete  architecture. 


THE  CONCRETE  INSTITUTE. 

DISCUSSION  of  the   Report   on 

THE   STANDARDISATION   OF   DRAWINGS   OF 
REINFORCED   CONCRETE  WORK. 

At  the  summer  meeting  of  the  Concrete  Institute,  held  in  June,  191 1,  the  report  of 
the  Reinforced  Concrete  Practice  Standing  Committee  on  "  The  Standardisation  of 
Drawings  of  Reinforced  Concrete  Work  "  was  submitted  to  the  members.  The 
discussion  of  the  report  was  postponed  to  the  Winter  Session,  and  took  place  on 
January  nth  last,  Mr.  F.  E.  \\'entworth-Sheilds,  M.  Inst.C.E.,  Vice-President  of  the 
Institute,  in  the  chair. 

We  would  refer  our  readers  to  our  July,  191 1,  issue,  jjage  519,  \o\.  VI.,  for  a  copy 
of  this  report.     The  discussion  was  as  follows  : — 

Mr.  R.  W.  Vawdrey,  A.M. Inst.C.E.,  Hon.  Sec.  of  the  Reinforced  Concrete  Practice 
Standing  Committee,  after  reading  the  report  of  his  Committee  on  '•  The  Standardisation  of 
Drawings  of  Reinforced  Concrete  Work,"  said  it  was  clearly  desirable  that  as  much  uniformity 
as  possible  should  be  attained  in  drawings  ;  but  he  supposed  all  rules  were  only  meant  to  be 
broken,  and  it  was  clearly  quite  impossible  for  any  large  drawing  office  to  insist  on  absolute 
adherence  to  any  such  rules  as  had  been  suggested.  The  object  of  the  report  was  to  encourage 
the  same  style  and  methods  rather  than  insist  upon  any  details  or  attempt  to  recommend  such 
insistence.  His  own  personal  opinion  was  that  anything  in  the  nature  of  colouring  on  drawings 
for  reinforced  concrete  work,  which  were  necessarily  more  or  less  intricate,  should  be  avoided. 
He  personally  would  like  to  lay  more  stress  on  that  point  than  was  made  in  the  report  generally. 
The  same  personal  opinion  applied  to  the  method  of  marking  to  show  concrete.  So  far  from 
making  matters  clearer,  it  made  them  very  much  the  reverse  to  attempt  to  show  concrete  by 
dots  or  hatching  anything  of  that  sort,  especially  with  a  view  to  reproduction  of  drawings. 
He  thought  everything  should  be  either  in  black  and  white,  or  solidly  blacked  in. 

The  system  of  symbols  was  a  good  one,  but  in  this  the  whole  use  of  a  system  of  symbols 
such  as  the  Committee  suggested  was  that  they  should  be  perfectly  intelligible  to  everybody. 
That,  he  was  afraid,  would  not  be  the  case  if  they  were  used  at  the  present  moment,  but  in 
any  drawing  office  in  which  a  particular  system  of  symbols,  such  as  that  suggested,  could  be 
used,  the  advantage  in  saving  of  space  on  the  drawings  and  saving  of  time  was  very  marked. 

The  same  thing  applied  to  standard  lettering.  It  was  quite  impossible  to  hope  that  any 
standard  lettering  could  be  universally  adopted,  but  if  in  any  particular  office  that  could  be 
gradually  brought  about — the  process  would  have  to  be  gradual — it  certainly  would  be  a  very 
great  advantage.  , 

Mr.  L.  Serraillier  proposed  a  vote  of  thanks  to  Mr.  Vawdrey  for  the  trouble  he  had  taken 
in  the  work  of  the  Committee.  He  believed  there  was  a  method  of  making  sections  by  rubbing 
the  tracing  paper  over  the  back  of  a  book  where  the  cover  was  rough,  and  by  rubbing  the 
pencil  over  it  they  got  some  marks  of  a  section.  This  they  could  do  very  quickly,  and  with 
a  blue  print  they  got  the  effect  of  hatching.  Mr.  Vawdrey  had  said  the  lettering  should  be  as 
large  as  possible.  Of  course,  the  larger  it  was  the  more  tendency  there  was  that  the  appear 
ance  would  not  be  good  unless  stencil  plates  were  used.  He  very  much  favoured  the  use  of 
stencils  in  drawings,  and  not  block  printing.  The  larger  the  block  printing  was  the  less 
regular  it  was  and  the  uglier  it  appeared  on  the  drawing. 

F    2  219 


THE  CONCRETE  INSTITUTE.  [CQNQJETE] 

Mr.   S.    liylanrler     seconded    the   vote  of    thanks,    and    in   particular    thanked    Mr.    \aw<lrey 
for  the  very  valuable  remarks  he  had  added  to  the  reports. 

Personally,  he  was  most  interested  in  the  report  as  regards  standardisation  of  notation  and 
lettering.  During  his  experience  in  America  he  found  that  the  Americans  had  gained  enor- 
mous advantage  over  the  rest  of  the  world,  due  to  the  fact  that  they  had  standardised  their 
method  of  producing  engineering  work.  The  first  thing  that  struck  him  most  decidedly  was 
the  drafting  room  ;  they  had  standardised  their  method  in  great  detail.  Every  office  of  good 
standing  had  a  list  of  standard  tables.  These  were  used  throughout  the  office  by  each  member, 
and  this  enabled  uniformity  in  design  and  methods. 

Further,  the  title  of  a  drawing  w;'.s  always  placed  on  the  lower  right-hand  corner,  which 
was  found  very  convenient  in  case  of  reference,  when  one  had,  say,  forty  or  fifty  drawings 
in  a  drawer,  as  one  could  thus  easily  find  the  particular  drawing  required. 

Another  thing  which  he  believed  was  not  quite  realised  was  that  the  Americans  used 
practically  5  in.  scale  plans,  instead  of  g  in.,  as  was  used  here.  They,  therefore,  used  i  in. 
scale  details,  instead  of  i  in.  as  here.  He  believed  that  this  had  been  introduced  from  the  fact 
that  more  constructional  detail  had  to  be  introduced  on  the  drawings,  and,  therefore,  greater 
accuracy  on  the  drawings  was  required,  and  in  consequence  a  greater  scale  was  employed. 
He  wanted  to  mention  this  in  connection  with  the  report,  as  it  appeared  from  that  that  the 
a  in.  scale  would  be  best.  Personally,  he  believed  that  for  steel  work,  or  for  plans  for  steel 
work,  or  where  reinforced  concrete  was  used,  the  3  in.  scale  was  a  better  one,  provided  they 
did  not  get  unreasonable  sizes  of  drawings. 

With  regard  to  the  i^  in.  scale  for  details,  he  preferred  the  i  in.  scale,  because  the 
architectural  details  in  this  country  were  usually  made  to  5  in.,  and  the  simplest  method  of 
transferring  from  one  scale  to  another  was  by  doubling  the  size.  Further,  he  thought  the 
3  in.  scale  could  be  used  wherever  the  i   in.   scale  would  not  be  sufficiently  large. 

With  regard  to  the  list  of  sizes  of  drawings,  he  believed  it  would  be  advisable  to  add 
something  with  regard  to  the  size  of  order  lists.  That  was  a  kind  of  drawing  which  would, 
he  thought,  be  very  much  used  in  the  future,  much  more  so  than  hitherto.  A  very  convenient 
size  would  be  a  quarter  of  the  smaller  size  mentioned  in  the  report — namely,  15  in.  by  10  in. 
They,  therefore,  would  establish  a  standard  of  drawings  of  different  sizes  obtained  by  halving 
the  next  larger  size. 

Mr.  E.  P.  Wells:  With  reference  to  the  report  of  the  Reinforced  Concrete  Practice 
Standing  Committee  on  "  The  Standardisation  of  Drawings,"  it  was  practically  a  unanimous 
one.  Of  course,  there  were  certain  variations  that  one  would  have  liked  to  see,  but  it 
was  an  impossibility  to  satisfy  the  views  of  all.  Taking  it  generally,  the  report  was  one  which 
might  be  adopted  in  this  country.  Personally,  he  did  not  like  to  see  all  drawings  necessarily 
the  same,  as  it  caused  individuality  to  disappear  to  a  very  large  extent. 

With  regard  to  scales,  taking  the  general  type  of  drawing  that  one  had  to  use,  the  g  in. 
was  very  good  for  plans  so  long  as  there  were  no  complications  whatever.  If  they  had  plain, 
straightforward  work,  then  they  could  get  on  to  the  gth  scale  plan  everything  that  was  necessary 
in  the  shape  of  reinforcing,  and  there  was  sufficient  room  also  to  state  what  the  beams  were 
composed  of  ;  but  if  it  was  a  case  of  varying  span  both  of  floors  and  beams,  then  he  often 
found  that  the  gth  was  too  small,  and  had  invariably  adopted  5  in. 

Regarding  elevations  for  walls,  5  in.  was  sufficiently  large,  practically,  to  show  everything, 
unless  there  happened  to  be  any  architectural  features  requiring  to  be  incorporated  into  the 
reinforced  work,  when  the  5  in.  became  too  small.  For  beams  and  columns,  as  a  rule,  the 
5  in.  was  ample,  because  all  the  reinforcing  could  be  shown  in  thick  lines,  which  when 
reproduced   came  out  very  boldly,   especially   in  the    ferro-prussiate  prints. 

For  sections  of  beams  and  columns  he  preferred  the  i^  in.  scale.  He  had  been  in  the 
habit  of  using  it  in  all  steelwork  design  for  many  years,  very  often  multiples  of  g — 
I  and  15  in.  At  any  rate,  it  was  sufficiently  large  to  show  everything,  and  as  a  rule  he  thought 
it  preferable  to  the  i  in. 

Occasionally  he  found  it  necessary  to  use  full  size  where  there  was  great  complication  in 
rods,  and  where  practically  grout  had  sometimes  to  be  used. 

As  to  the  size  of  the  sheets,  he  liked  to  adhere  to  the  Imperial  size,  but  he  never,  if 
possible,  got  outside  the  Double  Elephant.  If  he  had  to  do  so,  then  he  got  the  Double  Ele[)hant 
by  the  Antiquarian  length. 

A  plan  which  he  had  adopted,  and  which  came  in  very  handy  at  times,  was  to  take  some 

of  the  general  work  which  was  existing  rnd  put  that  in  in  pencil,  with  the  reinforced  work  in 

ink.      The   result  was  exactly  the  same  as   working   in  two   colours,   in   red   and   black,   and    it 

distinguished  the  new  work  from  the  old,  and  no  mistake  could  possibly  be  made  in  the  matter. 

With  regard  to  sections,  and  the  question  which  had  arisen  about  showing  the  concrete,  he 
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preferred   it   in  all   work,  because  once   it  was  done  there  was  an  end  of   it.      It  was  not   as  in 
the  old  da\s,  when  one  had  to  trnce  everything. 

Mr.  P.  M.  Fraser,  A.R.I.B.A,,  had  not  much  to  say  with  regard  to  the  standardisation 
of  drawings,  except  that  he  agreed  with  the  previous  speaker  that  the  ^  in.  and  the  i  in. 
were  the  tw^o  most  useful  scales  that  could  possibly  be  employed.  He  was  speaking  as  an 
architect,  and  Mr.  Vawdrey  did  not  make  it  quite  clear  to  what  type  of  drawing  he  was 
referring.  There  were  two  real  types  of  drawing  in  connection  with  reinforced  concrete 
building,  the  architectural  and  the  reinforced  concrete  drawing,  and  to  a  certain  extent  they 
were  separate.  He  used  the  g  in.  scale  generally.  It  was  said  that  drawings  of  that  size 
were  too  large;  but  they  could  be  cut  in  half  or  in  quarter,  and  there  was  not  the  slightest 
objection  to  cut  them  up  to  any  size  one  liked.  It  was  a  great  convenience  to  have  drawings 
cut  up,  and  if  they  had  any  question  as  in  any  part  of  the  building  they  could  take  a  small 
drawing  which  was  easily  handled,  about  2  ft.  square,  to  that  particular  part,  and  need  not 
walk  about  the  building  with  drawings  under  their  arms. 

Mr.  E  Fiaader  Btchells,  F.Phys.Soc,  suggested  that  it  would  be  desirable  that  the 
prints  or  drawings  should  be  indelible  black-line  photo  prints  on  white  linen,  which  would 
enable  any  alterations  or  additions  to  be  readily  shown.  An  objection  to  the  blue  prints  was 
the  danger  to  eyesight  in  examining  them  day  after  day  and  hour  after  hour  in  a  dark, 
foggy  place  like  London.  With  regard  to  hatching  on  blue  prints,  which  were  difficult  to 
trace,  they  could  be  laid  over  a  thick  sheet  of  plate  glass  with  the  ordinary  electric  light 
behind,  and  they  would  then  show  up  very  plainly  and  could  be  traced  readily.  He  also  sug- 
gested that  tracings  should  also  be  made  on  the  unglazed  side  of  the  linen,  the  reason  being, 
again,  that  any  pencil  notes  could  be  readily  made,  which  was  difficult  on  the  glazed  side. 

It  would  also  be  desirable  that  the  north  point  should  always  be  indicated  on  all  plans, 
and  also  all  plans  of  the  same  building  should  have  the  north  point  leading  in  the  same 
direction  as  far  as  practicable. 

All  sections  should  bear  the  same  title  or  reference,  clearly  indicating  the  position  of  the 
section  plane  and  the  direction  of  the  point  of  view,  etc.  ;  and  also  it  would  be  desirable  that 
all  views  should  be  projected  from  one  another,  as  far  as  possible,  and  be  placed  in  the 
geometricall}-  correct  planes. 

Some  confusion  was  occasioned  by  those  who  learned  to  draw  before  they  had  studied 
geometry,  putting  the  left  elevation  on  to  the  left  side.  Another  desirable  feature  in 
reinforced  concrete  drawings  would  be  that  the  proportion  and  nature  of  the  concrete  and  the 
minimum  crushing  load  at  one  month  or  at  three  months  should  be  clearly  indicated  on  the 
plans. 

M'.  R.  W.  Vawdrey:  Everybody  agreed  that  white  prints  were  very  much  pleasanter 
to  deal  with,  and  better  for  the  eyes.  The  only  object  in  using  blue  prints  was  that  they  were 
very  cheap.  Alterations  could  be  made  on  blue  prints.  Assuming  that  cost  was  no  object,  white 
prints  were  infinitely  better. 
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NEW  WORKS  IN  CONCRETE 

AT    HOME    AND    ABROAD. 

Under  this  hejJing  reliable  information  ivill  be  presented  of  neiv  tvorks  in  course  O] 
construction  or  completed,  and  the  examples  selected  luill  be  from  all  parts  of  the  ivorld. 
It  is  not  the  intention  to  describe  these  tvorks  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  ivhich  served  as  a  basts 
for  the  design. — ED. 


REINFORCED    CONCRETE    BOUNDARY    WALL    AT    WEST    HARTLEPOOL.  FOR 
THE    NORTH-EASTERN    RAILWAY    COMPANY. 

A\  inlii'(slin;4  rxaiiiplL'  (►!  rcinlorced  concrete  boundary  wall  construction  i^  shown  in 
the  iiluslrations  oixcn  herewith  of  the  Expanded  Steel-concrete  boundary  wall  lately 
completed  at  West  Hartlepool,  to  the  designs  and  under  the  supervision  oi  Mr.  W.  D. 
Rudgard,  North  Eastern   Railway  District  Engineer. 

The  wall  varies  in  total  lieighl  from  7  ft.  ()  in.  to  ()  ft.  0  in.,  and  the  line  drawing 
on  page  224  shows  the  ]!lan  and  elevation  at  the  higher  portion. 

The  wall  is  6-5  in.  in  thickness,  reduced  to  4-2  in.  in  the  panels,  with  footings  as 
shown  in  the  drawing.  The  road  face  is  panelled  and  the  back  face  is  buttressed.  The 
raking  buttresses  are  i  ft.  in  width  and  about  13  ft.  centre  to  centre,  while  the  panels 
are  5  ft.  long  and  4  ft.  high,  with  pilasters  i  ft.  wide. 


View  stiowinti  tlie  buttressed  face  of  the  wall  to  the  ra'hvay. 
Reinforced  Concrete   Bocndarv   Wall  at  West   Hartlepool. 
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Breaks  were  made  at  about   32   ft.   centres   in   the  wallincr     ^,,-,.1   i  •  t        • 

inserted,  to  allow  for  expansion  and  contraction  ^'        "^  '""•   ^'""^  ^^"P^ 

The  photographs  show  the  work  in  course  of  construction  and  rnmnU.f..ri  i  *• 

then.  ,t  will  be  seen  that  the  wall  is  pleasing  to  the  eyel  well  ^eftS  '''   '  *''°" 


Ihe  illustration  on  this  page  shows  the  temporary  timbering  with  the  Expanded 
Steel  reinforcement  in  position  ready  to  receive  the  concrete.  It  will  be  noticed  that 
xNtiile  the  timbering  for  one  side  was  erected  complete  before  the  placing  of  the 
concrete  that  on  the  other  side  was  erected  a  few  boards  at  a  time,  to  allow  of  the 
concrete  being  placed  in  courses  and  thoroughly  rammed  and  consolidated  in  position 
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The  other  views  show- 
respectively  the  buttressed 
face  to  the  railway  and  the 
panelled  face  to  the  roadway. 

From  the  jjholographs 
can  be  seen  the  ease  with 
which  Expanded  Steel  rein- 
forcement may  be  handled, 
and  the  fact  that  the  work 
was  done  by  direct  labemr 
proves  that  there  is  no  neces- 
sity for  specially  skilled 
labour  in  connection  with  it. 

The  Ex])anded  .Steel  re- 
inforcement was  supplied  bv 
The  Expanded  Metal  Co., 
Ltd.,  of  London  and  West 
Hartlepool. 

REINFORCED  CONCRETE 

CONSTRUCTION  IN  A 

STORE  AND  LOFT.  LOS 

ANGELES,  CAL. 

L\  the  building  of  which  we 
show  illustrations  on 
pages  226  and  227,  and 
which  is  now  under  con- 
struction at  Los  Angeles 
for  F.  \\\  Braun,  wholesale 
chemical  supplier,  concrete 
has  been  selected  as  the  most 
desirable  for  many  reasons. 

It  is  built  on  what  may 
be  appropriately  called  a 
cantilever  system.  The  floors 
are  supported  on  columns 
dividing  the  iloor  area  in 
i8-ft.  panels ;  the  columns 
are  supported  on  reinforced 
footings  which  are  almost 
flat.  The  top  of  these  foot- 
ings, however,  is  cast  in  an 
inverted  hopper,  8  ft.  x  8  ft. 
square  and  18  in.  deep. 
These  inverted  hoppers  are 
turned  upright  and  used 
again  at  the  neck  of  each 
column  just  under  the  floor 
slab. 

In  this  system  the  base 
of  the  column  is  made  in  the 
ordinary  way  with  circular 
wrapped  reinforcement  and 
rods  started  from  dowels 
secured  in  top  of  footing, 
while  the  head  of  the  column 
has  reinforcements  project- 
ing through  the  column 
from  either  side,  making 
cantilever  arms  in  six  direc- 
tions,   and   the    floor   slab   's 
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supported  on  these  canti- 
lever brackets.  Over  the 
cantilever  arms  the  floor 
slab  reinforcement  ex- 
tends in  all  directions, 
the  head  of  the  columns 
being  made  wide  enough 
to  receive  it.  The  floors 
may  thus  be  said  to  have 
beams  8  ft.  wide,  since 
the  slab  steel  is  the 
strongest  as  it  passes  at 
right  angles  over  the 
head  of  the  columns,  but 
no  extra  depth  is  given 
to  this  portion  of  the 
fioor. 

There  is  a  continu- 
ous batter  along  the 
walls  which  reduces  the 
span  of  floor  slab,  ex- 
tending from  columns  to 
walls.  Cantilever  rods 
in  the  column  heads  ar-j 
formed  with  20  rods 
I  in.  diameter,  and  the 
steel  in  the  columns  is  of 
i-in.  round  rod. 

The  columns  have  the 
rods  set  in  a  wrought-iron 
band  in  a  circular  man- 
ner. The  circular  column 
steel  is  wrapped  with 
number  3  wire,  spiral 
wrapping,  the  spacing 
for  the  wires  being  2  in.  ; 
the  basement  columns 
have  20  rods  1  in.  in 
diameter,  the  first  and 
second  storey  columns 
have  16  rods  i  in.  in 
diameter.  These  rods 
are  joined  near  the  floor 
line  In  each  case  by 
using  pipe  sleeves  in  the 
ordinary  manner.  Rein- 
forcement for  floor  slabs 
is  of  I-in.  twisted  steel, 
rising  at  right  angles  to 
column  heads,  and 
American  steel  w  i  r  e 
mesh  of  number  3  wire, 
spaced  4  in.,  running 
diagonally  across 
column  heads. 

The  walls  are  12  in. 
thick  for  all  side  and 
rear  walls,  and  16  in.  for 
front  walls.  The  rein- 
forcements for  walls  are 
f-in.  rods,  forming  rect- 
angles 18  in.  square. 


NEW  WORKS  IN  CONCRETE. 

Column  rods  i  in.  in  diameter  are  placed  in  the  wall,  makin.c:  reinforced  piers 
directly  opposite  each  row  of  columns  supporting-  the  floor  slabs.  Stairways  are  all  of 
reinforced  concrete  and  are  formed  on  slabs  5  in.  thick  and  the  treads  and  risers  pro 
ject  above  the  slab;  reinforcements  in  the  stair  slab  are  of  |-m.  twisted  rods  6  in.  afwrt 


in  each  direction;  the  same  applies  to  each  floor.  The  balustrade  is  4  in.  thick  and 
2^  ft.  in  height  and  reinforcement  extends  into  floor  slab.  The  reinforcement  in  the 
building  equals  about  400  tons.  .        ^    . 

The  front  of  the  building  was  marked  into  blocks  by  using  bevelled  strips   j   in. 
thick    by    i^   in.    wide,    these   strips   being   nailed    to    forms   dividing    the   blocks   into 
226 
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rectangles  14  in.x2i  in.  each.  When  the  forms  for  front  of  building  were  stripped 
the  walls  were  ciea.ned  and  brushed  with  a  thick  coating  of  neat  cement,  applied  with 
a  stiff  hair  brush. 

Cement  required  on  the  building  totalled  about  5,000  barrels. 

The  building  is  designed  for  five  stories,  but  is  now  being  erected  to  the  extent 
of  three  stories  and  a  roof  slab  of  the  fourth  is  being  built,  which,  while  acting  as  a 
roof,  will  be  available  as  a  future  floor.  The  columns  in  the  basement  are  22  in.  in 
diameter  and  on  the  other  floors  20  in.  in  diameter. 

The  height  of  the  stories  varies,  that  of  the  basement  being  10  ft.  floor  to  ceiling, 
first  floor  16  ft.,  second  11  ft.,  and  the  third  14  ft.  high,  according  to  the  purpose  for 
which  they  are  required.  This  lack  of  uniformity,  however,  lengthened  the  time  of 
construction,  which  was  90  days  to  complete. 

The  roof  slab,  which  later  will  be  the  fourth  floor,  is  to  be  covered  with  one  layer 


View  showing  floor  reinforcement. 
Reinforced  Concrete  Store  and  Loft,  Los  Angeles,  Cal. 


of  asphaltum  roof  felt  and  one  layer  of  heavv  waterproof  paper,  which  is  considered 
strong  enough  to  form  a  decking,  allowing  the  roof  slab  to  be  walked  on  and  used 
for  the  purpose  of  mixing  chemicals. 

The  concrete  floors  have  been  thoroughly  tested,  with  a  result  that  they  showed 
a  test  of  500  lb.  per  st|.  ft.,  which  gave  a  deflection  of  |  in.  only  in  centre  of  i8-ft. 
parjel. 

The  total  value  of  the  job  is  calculated  at   $50,000  (;!£rio,ooo). 

DRILL    HALL.    SOUTH    MOLTON. 

The  building  h.as  been  erected  t*o  pnividr  adt-quate  quarters  for  the  local  Comj^any, 
and  is  situated  close  to  the  centre  of  the  town,  fronting  on  a  main  road. 

The  erection  consists  of  a  two-storeyed  block  at  each  end,  front  and  back,  the 
actual  drill  hall  being  of  one  storev  onlv,'and  placed  between  the  double  storey  ends. 

The  new  hall,  which  is  situa'te  in'  North  Street,  is  a  convenient  and  well-built 
structure  of  reinforced  concrete  with  fireproof  partition  slabs.  The  entrance  hall 
measures  17  ft.  6  in.  bv  7  ft.  6  in.  On  the  right  is  an  orderly  room  17  ft.  6  in.  by 
10  ft.  6  in.,  and  on  the'  left  is  an  ofticers'  room  of  the  same  dimensions.  The  main 
hall  is  a  fine  room  16  ft.  high,  measuring  30  ft.  by  60  ft.,  a  view  of  which  is  shown  in 
our  illustration  on  page  229.     This  will  be  used  for  drill  purposes.     Beyond  this  there 

227 


NEW   WORKS  IN   CONCRETE. 


fCDNCREriiJ 


is  an  armuurv  j(>  It.  l.v   14  ft.  (.  in.     Upstairs  is  a  lecture  hall  17  ft.  6  in.  by  15  ft.   0  in., 
and   a   room 'for   the   inslruelor.      The   instructor's   living   quarters   are  over   the   mam 


entrance. 


Exterior  view. 
Reinkorckd  Concrete  Drill  Hall,  South  Molton. 

The  entire  structure  is  composed  of  reinforced  concrete,  the  whole  of  the  weights 
being  transmitted  to  pillars,  the  spaces  between  being  filled  in  with  thm  4-m.  concrete 
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walls,  having  reinforcement  lacing  into  the  pillars  and  thus  becoming  monolithic  in 
construction. 

The  pillars  are  12  in.  x  12  in.  and  14  in.  x  14  in.,  and  the  beams  vary  from  12  in.  x 
<S  in.  to  30  in.  x  12  in. 

The  first  floor  and  roofs  are  also  of  reinforced  concrete,  averaging  5  in.  in  thick- 
ness, the  front  and  back  blocks  having  flat  roofs. 

The  main  hall  is  spanned  with  a  sweeped  roof  also  in  concrete,  the  circular  concrete 
ribs  being  designed  to  act  as  straight  beams,  thus  exerting  practically  no  thrust  on  the 
side  pillars. 

The  whole  of  these  roofs  are  covered  with  green  Ruberoid,  the  concrete  walls 
being  rendered  over  externally  in  cement. 


Interior  of  Drill  Hal 
Reinforckd  Concrete  Drill  Hall,  South  Molton. 

The  internal  partitions  are  formed  with  2^-in.  Mack  partition  slabs,  and  the  whole 
of  the  interior  is  finished  off  in  ordinary  lime  plastering. 

,  The  contractors  for  the  general  building  were  Messrs.  Woolaway  &•  Sons,  Barn- 
staple;  the  contractors  for  the  plumbing  and  gas-fitting  were  Messrs.  H.  R.  Williams 
&  Co.,  Barnstaple,  Mr.  Spencer  Edwards,  P.A.S.L,  of  Barnstaple,  being  the  architect. 

REINFORCED   CONCRET'E    RAILWAY    VIADUCT.  GENNEVILLIERS   GAS 
WORKS,    NEAR    PARIS. 

The  works  of  the  Gennevilliers  Gas  Co.  were  opened  in  1906,  and  provide  gas  for 
'lighting  three  comnmnes  with  a  total  population  of  over  a  million.  The  works  cover 
an  area  of  143  acres,  and  are  located  on  the  banks  of  the  Seine,  but  are  cut  in  two  by  a 
Ijublic  thoroughfare.  This  thoroughfare  is  crossed  by  the  Gas  Co.'s  light  railway,  and 
in  connection  with  this  railway  two  reinforced  concrete  viaducts  were  erected  by  the 
Companv.  .  1      ,- 

The  viaducts  are  of  the  same  dimensions,  the  second  one  bemg  a  duplicate  of  the 
first  in  every  respect.     The  total  length  of  each  is  about  700  ft.  229 
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The  work  was  carried  out  under  the  supervision  of  M.  StinviUe,  Chief  Enc^ineer 
of  the  Gas  Works,  M.  Edmond  Coignet,  of  Paris,  being  the  contractor.  '^ 

Reinforced  concrete  was  chosen  specially  for  this  work  on  account  of  its  resistance 
to  sulphurous  gases,  and  the  economy  realised  by  carrying  out  the  work  in  that  material 
over  similar  stone  construction  amounrrd,  we  understand,  to  about  -,o  per  cent 


As  far  as  possible  the  whole  of  the  extensive  buildings  in  connection  with  these  gas 
^vorks  hav^e  been  erected  in  reinforced  concrete.  The  works  produce  a  considerable 
quantity  of  highly  inflammable  bv-products,  and  the  more  bulky  of  these  are  stored  in 
Jarge  reinforced  concrete  tanks,   each  capable  of  holding  500  tons. 
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AT   HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  tv'iich  have  appeared  during  the  last  fetu  months. 


"  Reinforced  Concrete — Mechanics  and  Ele- 
mentary Design."    By  John  P.  BrooKs. 

New    York:     McGraw-Hill    Book   Co.,    2,i'J    West    39th 
Street.     220pp.  +  x. 

Contents. — Hi.storical    Sketch — The  Com- 
ponent      Parts — Cement — Sand — The 
Aggregate — Tests  of  Reinforced  Con- 
crete— Analysis      of      Stresses — Beam 
Theories — T       Beams — Columns       of 
Concrete — Beams  Supported  in   More 
than  Two  Places — Elementary  Design 
— Economical    Proportions   of    Beams 
— Report    of    the    Joint    Committee — 
Design  of  a  T  Beam — Design  of  Re- 
inforced  Concrete   Retaining  Walls — 
Design     of     a     Cantilever     Retaining 
Wall — Design    of    a    Counterfort    Re- 
taining     Wall — The      Arch-Algebraic 
Analysis — The  Arch-Graphic  Analysis 
— Design    of    a    Reinforced    Concrete 
Elastic  Arch  Ring — Design  of  a  Beam 
and  Girder  Floor — Design  of  a   Rein- 
forced Concrete  Hollow  Dam. 
This  book  should  be  very  interesting  to 
engineers    in    this    country    owing   to    the 
fact  that  it  is  written    by  an   expert  in  a 
country  where  the  use  of  reinforced  con- 
crete   has  been    far   more   extensive   than 
has    been    the    case    on    this    side    of    the 
ocean,    and    interesting   comparisons   may 
be  drawn   between  the  different  methods. 
The  author  himself  states  that  corrugated 
bars  are  used   far  more  in   America  than 
in      Europe — hooked     ends     being     more 
generally   used   in   the    latter ;   and,   while 
advocating  the  deformed  bar,  he  has  also 
a    good    word    to    say    for    the    hook    in 
certain  cases.     A  really  interesting  section 
of    the    volume    is    that    devoted    to    the 
analysis   of   stresses,    which   is   illustrated 
with    various    plates    and    diagrams    and 
interspersed  with  problems,  and  although 
the  English  student  may  find  it  somewhat 
strange  to  study   from   a   volume   written 
to    suit    American    students,    he    will    cer- 
tainly obtain  a  great  deal  of  useful  know- 
ledge  from    this    part  of   the   work.      Re- 
taining walls  are  dealt  with  in  detail,  and 
far  more  notes  are  devoted  to   these  and 
the  design  of  arches  than  is  the  case  with 
elementary   books    in    this   country.      The 
general      instructions      given      for      each 
example    in    the    elementary     design     are 
interesting,  as  they  show   the   student  the 
sequence   of  the  work   and  afford  a  good 


guide  as  to  the  method  of  procedure,  even 
the  size  of  the  drawing  sheet  and  scale 
being  given.  The  volume  is  well  written 
and  illustrated,  and,  although  we  should 
npt  like  to  see  it  supersede  any  of  the 
English  text-books,  it  should  certainly 
form  a  useful  addition  to  the  librarv  of 
technical  books  and  prove  of  much  service 
to  the  reader. 

"  The  Theory  of  Structures,"  by  Charles  M 
Spofford,  S.B. 

239    West 


New   York  : 
39th  Street. 


McGraw-Hill   Book   Company, 
411  pp.-(-xiii. 


Contents. — Outer  and  Inner  Forces — Law 
of     Statics,     Reactions,     Shears     and 
Moments — Influence     Lines — Concen- 
trated Load  Systems — Beam  Design — 
Plate  Girder  Design — Simple  Trusses 
— Bridge  Trusses  with  Secondary  Web 
Systems — Trusses  with  Multiple  Web 
Systems,   Lateral  and  Portal  Bracing, 
Transverse   Bents,   Viaduct  Towers — 
Cantilever      Bridges  —  Three  -  hinged 
Arches — Design  of  Columns  and  Ten- 
sion Members — Pin  and  Riveted  Truss 
Joints — Graphical    Statics — Deflection 
and    Camber — Continuous    and    Par- 
tially Continuous  Girders   and  Swing 
Bridge  Reactions. 
This  is  a  volume  dealing  with  the  com- 
plete theory  of  structural  engineering,  and 
it    contains    a    great    deal    of    information 
which,  generally  speaking,  is  presented  in 
a  concise  and  clear  manner.     A  large  pro- 
portion  of  the  book  is  given   up  to  those 
problems  which  are  only  met  with  in  rail- 
way   engineering,    and,    apart    from    their 
theoretical  interest,  may  be  passed  over  by 
the  designer  of  ordinary  buildings.    We  are 
sorry  to  see  that  no  table  of  notation  is 
given,  as  this  we  consider  is  indispensable 
in    a   book    of    this    character,    and    more 
especially  if  it  is  likely  to  be  read  by  struc- 
tural engineering  students  in  this  country. 
Beams  fixed  at  both  ends  are  also  not  dealt 
with,  and  this  is  to  be  regretted,  bearing  in 
mind  that  the  theory  is  of  great  importance 
at  the  present  time,  especially  as  reinforced 
concrete   allows   this   condition    to   be    ful- 
filled, and  the  book  treats  so  fully  of  other 
matters. 

Influence  lines  are  much  used,  and 
although  of  more  value  when  live  loads 
have   to  be  dealt   with   than   in   anv  other 
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case,  their  use  is  interesting  to  a  student, 
and  should  enable  him  to  fully  grasp  the 
behaviour  of  various  structures  under  loads 
situated  at  different  definite  points.  A 
curve  of  shears,  or  moments,  is  a  curve 
the  ordinate  to  which  at  anv  point  shows 
the  shear  or  moment  at  that  point  caused 
bv  a  set  of  loads,  fixed  in  magnitude  and 
position.  The  ordinate  to  the  influence 
line  shows  instead  the  shear  or  moment  at 
the  section  for  which  the  influence  line  is 
drawn  due  to  a  load  of  unity  acting  at  the 
point  where  the  ordinate  is  measured.  The 
chapter  on  deflections  is  a  good  one  and 
treats  very  fully  of  this  subject.  Generally 
speaking,  we  consider  the  volume  a  very 
good  one,  and  it  should  prove  a  very  useful 
book  of  reference  for  those  engaged  in- 
structural  en.-^'neering. 

*Spon«"  Architects' 6    Builders'  Price   Book 
and  Diary." 

Pablished   by   E.   &   F.   Spon    Ltd..    Haymarket.    S.W. 
Price  5'-  net  the  two  volumes- 

Spons'  "  Architerts'  and  Builders'  Price 
Book  and  Diary  "  for  igi2,  which  is 
again  published  in  two  handy  volumes, 
as  in  191 1,  is  one  of  the  most  valuable 
reference  books  for  architects,  surveyors, 
and  all  connected  in  any  way  with  the 
building  trade.  It  is  fully  up  to  the  high 
standard  of  former  issues,  and  the  prices, 
etc.,  have  been  brought  thoroughly  up  to 
date. 

The  memoranda  section  is  carefully 
cross-referenced,  and  there  are  a  great 
manv  valuable  notes  en  various  matters 
of  interest  to  architects  and  builders. 

"Builders'    Quantities'"    by     H.    M.    Lewi*. 

Pablishedby  E.  ^:  F.  N".  Spon  Ltd.,  57  Haymarket, S.W. 
Price  16. 

This  is  an  elementary  work  on  the 
•subject  of  builders'  quantities,  and  meets 
it  want  for  a  cheap  handbook  within 
reach  of  every  building  student  and  others 
in  the  building  trade. 

It  contains  a  great  amount  of  informa- 
tion as  to  the  customary  methods  of 
measurement  in  the  "  London  Standard." 
It  gives  examples  of  how  to  measure  up 
in  every  trade,  as  well  as  methods  of 
taking  off,  abstracting  and  billing.  We 
think  the  work  will  prove  useful  to  those 
engaged  in  the  various  trades  connected 
\v\th    building. 


"Ornamental     Cement     Work,"    by     Oliver 
Wheatly. 

Published   by  Scott.  Greenwood   &  Son,   S  Broadway, 
Ludgate,  E.C.  Price  5/-  net. 

Contents. — Introduction  —  Materials  and 
Workshops  —  Mould  Making  and 
Templates  —  Technique  —  Choice  of 
Ornaments — Extended  Uses. 

This  book,  as  its  name  implies,  deals 
only  with  the  application  of  Portland 
cement  in  ornamental  work,  and  is  in- 
tended as  a  handbook  of  the  principal  facts 
concerning  such  application.  It  has  been 
published  to  place  before  the  artist-crafts- 
man particulars  of  a  material  which  lends 
itself  easily  to  reproduction  of  a  per- 
manent character,  and  one  which  needs 
a  very  small  outlay.  Owing  to  its  plastic 
nature  cement  can  be  applied  in  very 
numerous  ways  to  ornamental  work,  and 
particulars  and  illustrations  of  these  are 
given  in  this  handbook.  There  is  a 
chapter  dealing  with  the  various  moulds 
and  templates  necessary,  and  another 
gives  some  very  artistic  designs  suitable 
for  cement  moulding. 

Altogether,  this  little  book  is  very  well 
got  up,  and  should  be  found  useful  by 
anyone  wishing  to  carry  out  ornamental 
work  in  Portland  cement. 


"Lectures  on  Cement,"  by  Bertram  Blount 
F.I.C. 

Published  by  The  Institute  of  Chemistry.  30  Bloomsbury 
Square.  London,  W.C.      Price  2  6  net, 

The  Institute  of  Chemistry  recently  in- 
augurated a  scheme  under  which  Fellows 
who  have  special  knowledge  and  experi- 
ence in  various  branches  of  work  are 
engaged  to  deliver  lectures  chiefly  for  the 
benefit  of  young  chemists  and  advanced 
students.  Among  the  first  of  these  were 
two  lectures  on  "  Cement,"  delivered  by 
Mr.  Bertram  Blount,  F.I.C.  From  the 
synopsis  of  these,  which  appeared  in  our 
December,  iqii,  and  January,  1912, 
numbers,  the  interesting  and  useful  nature 
of  the  lectures  will  be  gathered.  They 
should  certainly  be  studied  by  all  those 
connected  in  any  way  with  cement,  for 
they  indicate  the  scope  and  character  of 
work  actuallv  carried  out,  as  distinct  from 
purelv  academic  training. 
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Memoranda  and  Ne-ws  Items  are  presented  under  this  heading,  -with  occasional  editorial 
comment.     Authentic  netvs  "will  be  -welcome.— ED. 


New  Offices  for  ttie  Metropolitan  Railway.— The  Metropolitan  Railway  Com- 
pany lias  recently  placed  in  competition  a  certain  number  of  engineering  tirms 
specialising  in  the  design  of  reinforced  concrete  structures,  for  the  new  offices  which 
the  Company  intend  to  erect  on  the  site  of  the  Baker  Street  Station. 

Messrs. "Edmond  Coignet,  Ltd.,  of  20  Victoria  Street,  Westminster,  have  been 
selected  for  the  preparation  of  the  working  drawings,  and  the  work  is  to  be  executed 
on  their  system  under  the  control  of  Mr.  W.  Willox,  M.I.C.E.,  Chief  Engineer  of  the 
Metropolitan  Railway  Com.pany.  . 

The  principal  dimensions  of  this  large  building,  which  is  to  be  constructed  entirely 
in  reinforced  concrete,  are  as  follows  :— The  total  length  of  the  front  elevation  will  be 
■140  ft.,  and  the  height,  measured  from  the  foundations  to  the  roof,  will  be  approxi- 
mately 90  ft.  The  back  portion  of  the  structure  will  have  two  wings,  measuring^ respec- 
tively III  ft.  in  length  by  38  ft.  in  width,  and  100  ft.  by  43  ft.  for  the  smaller  wing,  the 
latter  being  connected  to  an  existing  building  by  a  footbridge  82  ft.  in  span,  12  ft.  wide, 
and  with  a  height  of  15  ft. 

A  retaining  wall  in  reinforced  concrete  of  a  length  of  152  ft.  will  run  parallel  to  the 
front  elevation.  The  total  length  of  the  retaining  wall,  including  the  returns,  will  be 
212  ft.,  the  height  being  24  ft. 

The  walls  of  the  building  are  to  be  entirely  in  reinforced  concrete  of  a  thickness  of 
6  in.,  and  for  the  principal  elevation  the  wall  is  to  be  faced  with  brickwork. 

The  building  will  be  composed  of  a  lower  basement,  basement,  booking  hall  floor, 
ground  floor,  first,  second,  and  third  floors,  and  a  flat  roof.  The  superloads  up  to  the 
first  floor  included,  are  to  be  150  lb.  per  sq.  ft.,  the  second  and  third  being  90  lb.  per 
sq.  ft.,  and  the  roof  40  lb.  per  sq.  ft. 

The  total  superficial  area  of  floors  and  roof  in  reinforced  concrete  will  be  approxi- 
mately 65,000  sq.  ft. 

The  Coignet  system,  which  has  been  adopted  for  this  work,  is  at  present  also 
being  used  for  the  construction  of  the  new  bridge  at  King's  Cross  Station  for  the  same 
Company. 

Tlie  Junior  Institution  of  Engineers. — .\  handy  sized  booklet  has  just  been 
issued  by  this  Institution,  dealing  with  "  Its  Origin  and  Aims,"  and  makes  interesting 
reading. 

In  the  paragraph  dealing  with  the  inception  of  the  Institution,  it  is  interesting 
to  note  that  the  Society  came  into  being  at  the  works  of  the  late  firm  of 
Messrs.  Maudsley,  Sons  &•  Field,  London,  in  1884.  Amongst  the  officers,  Presidents 
and  Vice-Presidents,  the  names  of  many  famous  men  can  be  noticed  in  the  list  that  is 
given.  Mention  is  made  also  of  Honorary  Members,  one  of  whom  generally  gives  a 
lecture  each  year,  many  of  the  discourses  thus  delivered  having  merited  and  obtained 
world-wide  renown. 

The  rooms  are  kept  open  on  Friday  evenings  during  the  months  of  October  to  May 
inclusive,  in  order  that  the  weekly  periodicals  can  be  perused  and  social  intercourse 
promoted.  In  connection  with  each  Friday  evening,  the  opportunity  is  taken  for  the 
discussion  of  various  subjects  in  a  very  informal  sort  of  way. 


23  + 


r&^?^^Si]$^  MEMORANDA 

The  subscription  for  membership  is  ^.i  is.  for  town  and  i6s.  for  country  members. 
A  copy  of  the  booklet  may  be  obtained  free  on  application  to  the  Secretary,  39  Victoria 
Street,  Westminster,  London,  S.W. 

The  Society  of  Engineers'  Status  Pr/ze.— The  Council  of  the  Society  of 
Engineers  (Incorporated)  may  award  in  1912  two  premiums  of  books  or  instruments  to 
the  value  of  ;^S  8s.  and  ;^^  4s.,  as  first  and  second  prizes,  respectively,  for  approved 
essays  on  the  subject  of  "  How  to  Improve  the  Status  of  Engineers  and  Engineering, 
with  Special  Reference  to  Consulting  Engineers."  The  Council  reserve  the  right  to 
withhold  either  or  both  of  the  premiums  if  the  essays  received  are  not  of  the  required 
standard  of  merit.  The  competition  is  open  to  all,  but  application  for  detailed  par- 
ticulars should  be  made  to  the  Secretary  before  entering.  The  last  date  for  receiving 
essays  is  Friday,  May  31st,   1912. 

Mica  Surfacing  for  Concrete  Poles,  —Ground  mica  is  being  used  extensively 
for  surfacing  concrete  work,  according  to  The  Titncs  Engineering  Supplement.  It  has 
proved  very  effective  for  this  purpose,  as  it  gives  an  artistic  finish  to  the  work  and  adds 
life  and  sparkle  to  the  surface,  taking  away  the  flat  dead  appearance  that  is  common 
to  concrete.  About  5  lb.  of  mica  is  sufticient  to  cover  100  sq.  ft.  The  electric  light 
columns  in  Lincoln  Park,  Chicago,  Illinois,  were  treated  in  this  way,  crushed  red 
granite  being  used  so  that  the  finished  surface  had  the  appearance  of  polished  granite. 
The  granite  and  mica  surfacing  material  was  applied  to  the  inner  surface  of  the  square 
iron  trough  in  which  that  part  of  the  columns  extending  above  the  ground  was  cast. 
When  the  trough  was  filled,  the  top  or  lid  was  screwed  down,  pressing  the  concrete  into 
all  the  lines  and  corners  of  the  mould.  After  the  cement  had  set  perfectly,  part  of  the 
mould  was  removed  to  permit  the  post  to  cure  more  rapidly.  The  post  was  not  removed 
from  the  mould  until  it  had  set  for  24  hours  at  least.  After  it  was  perfectly  dry  the 
surface  was  scrubbed  with  muriatic  acid  to  remove  the  cement  on  the  outer  face  of  the 
granite  and  mica  and  leave  a  clean  surface  closely  resembling  that  of  granite. 

Austrian  Tests  of  Portland  Cements. —  The  annual  statistics  of  the  results  of  the 
Government  tests  conducted  under  the  care  of  Professor  A.  Hanisch,  and  published  in 
the  Mitteilungen  des  Technologischcn  Gewerbemuseums  have  just  been  issued  for  the 
year  19 10.  The  author  points  to  the  steady  increase  in  the  tensile  strength  of  the 
samples  coming  under  his  notice.  At  28  days  the  average  values  rose  from  375*4  lb.  per 
sq.  in.  to  403'8  lb.  per  sq.  in.,  and  in  the  same  way  the  strength  under  compression  in 
28  days  was  5,944  lb.  per  sq.  in.,  as  contrasted  with  5,360  lb.  per  sq.  in.  in  the  previous 
year.  The  proportion  of  tensile  to  compressive  strength  was  in  the  mean  i  to  14,  and 
it  would  seem  from  this  fact  that  the  figure  so  frequently  quoted  for  this  ratio  of  i  to 
10  needs  to  be  revised.  The  number  of  samples  which  failed  in  various  ways  in  the 
tests  to  ascertain  constancy  of  volume  was  somewhat  remarkable,  though  on  the  whole 
fairly  good  results  under  this  head  were  obtained.  The  absolute  setting  time  in  the  bulk 
of  the  speciments  examined  ranged-  between  four  and  eight  hours,  w'hich  seems 
excessive.  The  specific  gravity  of  the  raw  cement  was  in  the  majority  of  the  cements 
between  2*95  and  3*10;  the  same  samples  heated  to  redness  gave  results  varying  from 
3"  10  to  3'20.  On  the  sieve  of  5,806  meshes  to  the  sq.  in.  the  residue  in  the  majority 
of  cases  was  o  to  2  per  cent.,  and  on  the  sieve  with  31,613  meshes  the  residue  varied 
from  15  to  25  p>er  cent.  All  the  tests  were  conducted  in  accordance  with  the  conditions 
laid  down  by  the  Austrian  Engineers  and  Architects'  Society. — The  Times. 

Reinforced  Concrete  Armour  Plates  for  Battleships. — Reinforced  concrete 
armour  plates  for  battleships  are  declared  practical  by  Signor  F.  d'Adda,  a  European 
engineer.  He  proposes  to  protect  battleships  with  reinforced  concrete  plates,  5-in. 
thick,  the  concrete  being  so  proportioned  and  deposited  as  to  bring  the  strongest  part 
of  it  to  the  exterior  surface.  This  engineer  claims  that  such  plates  would  ofTer  as  great 
a  resistance  to  projectiles  as  a  i-iri.  steel  plate,  and  the  specific  gravity  of  it  would  only 
be  2.25  against  8.1  for  the  steel  plate. — Concrete  Age. 

Self=anchored  Piles. — A  comparatively  new  American  practice  is  to  drive  concrete 
and  reinforced  concrete  piles  in  swamp  or  sandy  ground  so  as  to  obtain  bulbous  ends. 
The  method  pursued  is  to  drive  down  two  steel  tubes,  one  fitting  in  the  other.  When 
driven  to  a  sufficient  depth  the  inner  tube  is  withdrawn,  the  base  being  collapsible 
and  controlled  by  steel  rods,  thus  the  core  is  removed.  Concrete  is  then  poured  in  and 
rammed  tight,  until  sufficient  resistance  is  felt.  When  desired,  a  steel  rod  or  spiral 
wire  skeleton  may  be  sunk  in  the  hole,  but  the  main  object  is  to  force  the  concrete  to 
expand  below  the  outer  steel  tube,  which  it  does  in  the  form  of  a  bulb  or  mushroom, 
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producing  pcrtcct  anclioiing.  The  outer  steel  tube  is  then  withdrawn.  In  river  and 
marine  work,  wliere  piles  are  often  grouped  close  together,  a  monolithic  base  or  foun- 
dation may  be  obtained  in  this  way,  even  if  each  pile  is  some  feet  apartfrom  anyother. 
The  Sinking  of  Reinforced  Concrete  P/ers.— Having  to  sink  a^number^ofjcin- 
forcfd  concrete  piers  ot  ,|  It.  diameter,  witii  tiie  base  diameter  of  6  ft.  6  in.,  an  American 
contractnig  firm  has  effected  considerable  economy  by  employing  steel  cylinders, 
which  were  driven  by  a  special  pile-driver  and  utilised  as  cofferdams,  wherein  timber 
moulds  were  set  up  for  the  concrete  work.  After  having  fulfilled  this  purpose  in  the 
construction  of  one  reinforced  concrete  pier,  each  cylinder  was  drawn  up  and  driven  in 
another  place  for  similar  use.  The  steel  cyhnders  were  50  ft.  long  by  7  ft.  7  in.  in 
diameter,  and  weighed  17  tons  each.  The  monkey  on  the  pile-driver  weighed  5,000  lb. 
and  the  force  of  the  blow  delivered  was  distributed  over  the  cylinder  head  by  a  timber 
dolly  of  massive  construction.  The  pull  necessary  for  withdrawal  of  the  cyUnder  was 
approximately  30  tons. — T/ie  Engineer. 

The  Examination  of  Foreign  Matters  Added  to  Cement. — The  following 
is  an  abstract  of  an  article  by  M.  J.  Cartiaux  in  the  Rcvitc  dcs  Materiaux  de  Co>i- 
struction  et  des  Travau.x  Publics: — 

The  tendency  of  the  price  of  cement  to  become  lower  in  course  of  time  makes  it 
all  the  more  necessary  that  simple  methods  should  be  available  for  the  detection  of 
adulteration.  At  present  the  detection  of  these  additions  is  often  neglected  because 
of  the  assumed  difficulty  in  testing  for  them.  The  object  of  the  present  article  is  to 
suggest  simple  methods  by  means  of  which  some  of  these  additions  may  be  detected 
without  the  necessity  of  employing  delicate  and  costly  apparatus. 

Tlic  Adulterants  Used. — '1  he  chief  additions  made  to  cement  are  crushed  slags — 
both  granulated  and  slowly  cooled — hydraulic  lime,  barium  sulphate,  sand,  plaster  of 
Paris,  ground  bricivs,  and  limestone.  These  various  substances  may  be  detected  as 
follows  : 

Tlie  Use  of  a  Letis. — The  best  results  are  obtained  by  examining  the  residue  on 
a  sieve  with  4,900  holes  per  sq.  cm.  by  means  of  a  lens  magnifying  eight  diameters. 
The  lens  may  be  so  mounted  that  its  field  is  exactly  one  sq.  cm.  in  area,  and  a  good 
idea  of  the  proportion  of  any  easily  observable  constituents  may  thus  be  obtained. 
The  addition  of  granulated  slag  is  readily  seen,  the  "  matite  "  being  easily  recognised. 
The  presence  of  characteristic  grains  of  yellow  or  black  with  a  vitreous  appearance 
is  another  important  indication  of  slag.  Care  must  be  taken  not  to  confuse  these 
black  grains  with  those  of  carbon  ;  the  latter  may  be  remo\ed  oy  heating  the  cement 
so  as  to  burn  the  carbon,  and  re-examining  the  calcined  product.  Particles  of  metallic 
iron  may  be  detected  with  the  aid  of  a  magnet. 

Specific  Gravity. — .Most  adulterants  of  cement  have  a  different  specific  gravity 
and  may  be  detected  by  this  means.  All  fresh  Portland  cements  which  have  a  specific 
gravity  below  3-05  must  be  regarded  with  suspicion,  and  as  probably  containing  slag, 
chalk,  etc. 

Although  the  following  procedure  is  not  always  correct,  it  is  an  invaluable  pre- 
liminary test  :  (i)  Ascertain  the  specific  gravity  of  the  residue  on  a  sieve  with  4,900 
holes  per  sq.  cm.  ;  (2)  ascertain  the  specific  gravity  of  the  material  which  passes 
through  such  a  sieve.  With  an  unadulterated  cement  the  two  figures  will  be  almost 
identical,  and  will  certainly  not  differ  by  more  than  o'oi5,  but  with  an  adulterated 
cement  the  difference  will  be  much  more  marked.  A  cement  to  which  10  per  cent, 
of  slag  has  been  added  will  show  a  specific  gravity  in  the  fine  portion  which  is  0*04 
or  more  higher  than  that  of  the  coarse  portion.  This  addition  of  dense  material  may, 
however,  be  masked  by  the  use  of  chalk  or  other  light  substances.  If  the  latter  are 
used  alone  they  will  reduce  the  specific  gravity  of  the  fine  powder  to  below  that  of 
the  coarse.  In  making  this  test  very  large  pieces  should  be  avoided,  as  they  are  apt 
to  destroy  the  accuracy  of  the  result. 

Chemical  Analysis. — This  should  be  made  on  the  residue  and  on  the  fine  powder 
separately,  as  more  valuable  results  are  thus  obtained.  Thus  an  excess  of  silica  in 
the  residue  implies  the  presence  of  slag. 

Another  important  characteristic,  which  is  too  often  disregarded,  is  the  proportion 
of  manganese  in  the  coarse  and  fine  portions  respectively.  Slags  usuallv  contain  up 
to  3  per  cent,  of  this  element,  whilst  pure  cement  is  quite  free  from  more  than  traces 
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of  it.  The  fulluwing  vulumelric  inelhod  may  be  used  :  Two  grammes  of  the  sample 
to  be  examined  is  treated  with  20  c.c.  hydrochloric  acid  (cone.)  and  5  c.c.  nitric  acid 
and  is  evaporated  to  dryness,  taken  up  with  20  c.c.  more  hydrochloric  acid,  and 
neutralised  with  10  grammes  zinc  oxide  and  20  grammes  zinc  sulphate.  The  mixture 
is  warmed  to  a  temperature  of  86  to  90°  C.  and  titrated  with  a  standard  solution  of 
potassium  permanganate  corresponding  to  o'ooiy  grammes  iron  per  c.c.  After  the 
evaporation  has  been  effected  (and  this  needs  little  or  no  attention)  the  test  does  not 
take  ten  minutes,  so  that  its  use  is  highly  convenient  without  being  too  tiresome  to  be 
used  regularly.  If  this  test  yields  a  negative  result,  it  does  not  prove  that  no  slag  has 
been  added,  but  if  the  proportion  of  manganese  found  is  considerable  it  may  be  taken 
as  a  positive  proof  that  added  slag  is  present.  Whilst  too  much  reliance  must  not  be 
placed  on  the  actual  percentage  of  manganese,  the  addition  of  10  per  cent,  of  slag 
will  increase  the  manganese  from  nil  to  about  o'G  per  cent.  The  addition  of  hydraulic 
chalk  is  shown  by  the  presence  of  a  notable  proportion  of  free  chalk  in  both  the  fine 
and  coarse  powder. 

Methylene  Iodide. — Le  Chatelier  has  proposed  to  separate  the  materials  lighter 
than  cement  b}'  means  of  a  liquid  of  intermediate  density.  For  this  purpose  he  chose 
methylene  iodide  diluted  with  benzol  to  a  density  of  2 "93.  One  gramme  of  the  sample 
is  placed  in  a  tiny  flask  of  about  10  c.c.  capacity  and  the  flask  is  filled  with  the  fluid 
just  mentioned.  The  vessel  is  then  given  a  brisk  rotary  movement  whereby  the  lighter 
materials  float  to  the  upper  part  of  the  fluid  and  their  volume  is  measured  on  the 
neck  of  the  flask.  The  test  is  made  more  easily  if  the  residue  on  a  4,900  sieve  is  used. 
If  it  is  desired  to  separate  the  materials  a  separating  funnel  is  used  instead  of  a  flask, 
and  the  lower  liquid  drawn  off  below  through  a  tap.  They  may  be  separated  from  the 
methyl  iodide  by  washing  with  water  or  water  and  ether,  and  may  then  be  examined 
by  any  of  the  methods  previously  named. 

Skipton  Extensions. — Extensive  additions  are  to  be  made  to  the  English  Sewing 
Cotton  Company's  Mills  at  Skipton  from  the  designs  and  under  the  supervision  of 
Mr.  J.  Hartley,  architect  of  Skipton,  consisting  of  a  new  warehouse,  mechanic  shops, 
etc.,  at  the  Belle  Vue  Mills.  It  is  proposed  to  use  reinforced  concrete  very  extensively 
in  these  extensions,  and  the  contract  has  been  let  to  the  Trussed  Concrete  Steel  Co., 
Ltd. 

Cocoa  Works  Extensions.  —  Messrs.  Rowntree  and  Co.,  of  York,  have  just  com- 
pleted further  new  extensions  to  their  Cocoa  Works  at  York  and  erected  a  handsome 
building  for  the  special  benefit  of  their  workpeople,  including  recreation  and  dining 
halls  along  with  other  administrative  ofiices,  wherein  reinforced  concrete  has  been 
largely  used,  designed,  and  carried  out  by  their  own  architect,  Mr.  J.  W.  Swaine. 

County  Couacil  New  Buildings. — The  West  Riding  of  Yorkshire  County  Council 
have  just  let  large  contracts  for  the  erection  of  new  headquarters  for  the  West  Riding 
Constabulary  at  Wakefield  from  the  designs  of  their  county  architect,  Mr.  J.  Vickers 
Edwards,  wherein  the  main  floors  are  to  be  carried  out  in  reinforced  concrete. 

New  Baths  ■at  Nelson. —  The  Nelson  Corporation  are  about  to  erect  new  swimming 
baths  from  the  designs  of  their  borough  engineer,  ]Mr.  W.  Shackleton.  It  is  intended 
to  carry  these  out  verv  largely  in  reinforced  concrete,  and  tenders  have  recently  been 
asked  for  this  work. 

Concrete  Groyne  at  Clactoa  =  oa=Sea. — For  the  further  protection  of  the  west 
beach  at  Clacton-on-Sea  it  has  been  decided  to  construct  a  big  concrete  groyne  near 
the  jetty,  at  an  estiniated  cost  of  ^^2,250. 

Reinforced  Concrete  in  the  Reconstruction  of  a  Fish  Quay  in  Dundee.  — The 
Montrose  Harbour  Trustees  have  approved  unanimously  of  a  scheme  submitted  by 
Mr.  J.  Hannay  Thompson,  Dundee  Harbour  Engineer,  for  the  reconstruction  of  the 
fish  quay  with  reinforced  concrete  and  timber  fenders  at  an  estimated  cost  of  _;^4,7oo. 

Cleaning  Concrete  Moulds.— A  simple  method  of  cleaning  out  moulds  employed 
in  reinforced  concrete  work  is  to  blow  steam  on  them  from  a  hose  pipe.  It  is  stated 
by  an  American  engineer  that  steam  is  more  efficient  and  more  economical  than  any 
other  medium  for  the  purpose. 

Concrete  Telegraph  Poles  and  Pillar  Boxes.—  Wooden  and  iron  telegraph  poles 
are  being  supplanted  in  New  Zealand  by  poles  made  of  reinforced  concrete. 

It  is  said  that  tests  made  with  an  i8-ft.  pole  showed  that  it  could  carry  a  greater 
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THE  BRITISH  STEEL 
PILING    COMPANY 

DOCK  HOUSE,  BILLITER  ST. 


Telephone  : 
1414  AVENUE 


LONDON,  E.C. 


Telegrams  : 

GRAMERCY.  LONDON 


Illustration  shows  one  of    three  cofferdams  constructed  with  our 
steel    piles    at    L  C.C.   Reconstruction,    Deptford   Creek    Bridge. 


Universal  Joist  Steel  Sheet  Piling  for 
Cofferdams,  Retaining  Walls,  etc.  etc. 

Used  by  the  BRITISH  AND  COLONIAL 
GOVERNMENTS,  FRENCH  GOVERN- 
MENT, AND  LEADING  CONTRAC- 
TORS   AT     HOME     AND    ABROAD. 

Latest   Types    of     Pile-Driving   Equipments 
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weight  than  either  wood  or  iron.  The  average  Hfe  of  a  wooden  or  iron  pole  is  about 
nine  years,  while  it  is  considered  that  the  reinforced  concrete  poles  are  practically 
everlasting. 

CORRESPONDENCE. 
Concrete  Beams  with  Double  Reinforcement. 

Sir, — Glancing  at  Fig.  3  in  Mr.  Andrew's  article,  it  struck  me  as  peculiar  that  at 
the  point  where  the  tension  in  concrete  ceases  to  be  considered  the  moment  of  resist- 
ance of  a  concrete  beam  should  suddenly  increase.  Checking,  therefore,  the  construc- 
tion  of  his  diagram,   I   find  the  following  miscalculations,   which  render  the  diagram 

useless  i—F/fs^  Stage.— Modulus  of  Section  =g,  ='-l014bd' insieadoi 'i615bd\    This 

16 
increases  the  bending  moment  to  about  96'54bd^. 

Second  Stage. — The  solution  of  the  quadratic  equation  gives  «  = '423(i,  not  '435./, 
and  the  bending  moment  comes  to  about  2l2'76b(f. 

Yours  faithfully,  D.  W.   R. 

The  Editor,  Concrete  and  Constructional  Engineering. 

ERRATUM. 

In  our  description  of  the  Maverick  Cotton  Mills,  Boston,  on  pages  148  and  149  of  our 
February  issue,  through  an  oversight  the  illustrations  inserted  were  those  of  the  Massachusetts 
Cotton  Warehouse  at  Lowell,  Mass.,  constructed  by  the  Aberthaw  Construction  Company,  of 
Boston.     Both  these  buildings  were  designed  by  Messrs.  Lockwood,  Greene  &  Co.,  of  Boston. 

TRADE    NOTICES. 

The  Pilcelty  System. —  Messrs.  Paul  Piketty  ^-  Co.  have  opened  offices  at  14  to  18 
Bloomsbury  Street,  London,  W.C,  for  the  exploitation  of  their  system  of  reinforced 
concrete  in  the  United  Kingdom.  They  are  equipped  to  render  expert  services  to 
architects,  engineers  and  surveyors  upon  all  matters  appertaining  to  reinforced 
concrete.  Tenders  for  the  construction  of  "  Pikettv  "  reinforced  concrete  structures 
are  submitted  by  their  British  licensed  contractors. 

VVe  are  informed  that  the  "  Piketty  "  system  is  somewhat  similar  to  the  Hennebique 
system,  differing  only  in  the  disposition  and  form  of  the  members  that  resist  shearing 
stresses.  Messrs.  Piketty  &  Co.  use  round  steel  for  stirrups,  which  are  locked  to  the 
upper  horizontal  reinforcement. 

The  system  was  introduced  some  twelve  years  ago  by  Mr.  Paul  Piketty,  civil 
engineer  and  public  works  contractor,  of  Paris,  in  quite  a  modest  way;  to-day,  it  is  on*. 
of  the  largest  reinforced  concrete  systems  used  in  Europe. 

Great  care  is  exercised  in  the  calculation  and  preparation  of  designs  and  working 
drawings.  The  extensive  technical  staff  is  cleverly  departmentalised,  so  as  to  produce 
its  work  efficiently  and  with  dispatch.  Messrs.  Piketty  make  a  point  of  only  acting 
through  architects,  engineers  and  surveyors,  and  do  not  undertake  commissions  direct 
with  building  owners  or  local  authorities.  This  certainly  seems  a  fair  and  sensible 
business  course  to  adopt.  As  a  private  firm  they  become  responsible  for  their  work 
to  their  licensed  contractors,  who  in  turn  are  responsible  to  the  building  owner  and 
his  technical  adviser. 

We  understand  that  the  firm  have  in  the  press  a  large  handbook,  fully  describing 
and  illustrating  the  Piketty  system,  together  with  photographs  of  various  types  of 
works  carried  out.  We  hope  to  review  it  in  our  next  issue.  The  firm  have  recently 
published  a  British  Specification  for  the  use  of  architects,  engineers  and  surveyors, 
describing  the  manner  in  which  their  system  is  constructed.  Application  for  copies 
should  be  made  to  Messrs.  Paul  Pikettv  &  Co.  at  their  London  offices. 

Mr.  R.  H.  Neal,  A.M.Inst.C.E.,  "M.LM.E.,  who  has  had  considerable  practical 
experience  of  reinforced  concrete  in  the  United  Kingdom,  is  associated  with  Mr. 
Piketty,  and  has  taken  over  the  general  management  of  the  British  business,  which  is 
quite  distinct  from  the  Parisian  house. 

Kennedy  Bar-bending  Machine. -^We  have  received  a  catalogue  recently  issued 
dealing  with  the  Kennedy  Bar-bending  Machine.  This  machine,  which  is  practically 
the  only  one  of  its  kind  made  in  this  country,  should  be  of  interest  to  aU  workers  m 
reinforced  concrete  for  the  bending  of  either  round  or  square  bars  up  to  i^  in.  diameter. 
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Rcrcnl  Di-dci-s  fur  lliis  ni.u  liinc  liavc  been  nrcivcd  frDiii  the  Adiniralt)-  and  the 
Commissioners  for  tlic  L'nion  of  South  Africa,  toj^ethcr  with  such  weli-l-cnown  con- 
tractors as  Messrs.  William  Moss  and  Sons,  Ltd.,  Leslie  and  Co.,  Ltd.,  Perry  and 
Co.  (Bow),  Ltd.,  'IVoIIope  and  Colls. 

We  have  been  asked  to  point  out  particularly  that  the  inventor  of  this  machine 
would  be  willins4  to  fix  up  contracts  for  bendinj^  on  the  job.  All  interested  who  visit 
the  Iiuildinj,'  Exhibition  at  Rusholme,  Manchester,  to  be  held  from  the  9th  to  the 
23rd  of  March,  should  make  a  point  of  seeinj^  a  demonstration  at  Stand  No.  23, 
Row  D. 

Further  particulars  can  be  obtained  from  Mr.  W.  Kennedy,  inventor  and  patentee, 
of  II   Furzeham  Road,  West  Drayton,  Middlesex. 

The  Indented  Bar  and  Concrete  Engineering  Company's  New  Directors.— 
We  have  been  inform<'d  that  Mr.  L.  Serraillier,  niana}*er,  and  Mr.  R.  W.  Vawdrey, 
chief  engineer,  of  thr  Indented  Bar  and  Concrete  Engineering  Co.,  Ltd.,  have  been 
appointed  directors  of  that  C'ompanv. 


CONTRACTS. 
Ttie    Armoured     Tubular    Flooring    Co.,     Ltd., 


)f   53   Victoria   Street,    S.W., 
have  recently  secured  the  following  contracts  for  their  flooring  : 

Kent  County  Council  Offices,  Maidstone.     Architect,  Mr.   F.  W.  Ruck,  County  Architect. 

Messrs.  David  Rowen's  premises,  Glasgow.     Engineers,  Messrs.  W.  Bridges  &  Co. 

Eagle  Brewery,  Oxford.     Architect,  Mr.  W.  J.  Wilkins,  Oxford. 

Drill  Hall,  Canterbury.     Architect,  Mr.  F.  G.  Hayward,  Dover. 

Royal  Naval  Hospital,  Chatham,  for  the  Admiralty. 

Post  Office  for  H.M.   Office  of  Works,  Barrow-in-FurnesS. 

Manchester  University  Extension.     Architect,  Mr.  Paul  Waterhouse. 

Royal  Beach  Hotel,  Southsea.     Architects,  Sir  A.  Blomfield  &  Sons 

Convent  at  Boscombe.     Architects,  Messrs.  Carew  &  Finn. 


"  BIC  " 


"BIC" 


BRITISH 
IMPROVED  CONSTRUCTION  CO.,  LD. 

Telephone  :  4067  Victoria.  Telegrams:  "  Biconcrete,  London. 

47  VICTORIA  STREET.  WESTMINSTER. 


Three  feet  long 


Flat-based  Concrete  Pipes 


Nine  feet  long. 


Breeze  Partitions 
Reinforced  Sleepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'  DESIGNS  CARRIED  OUT  TO  ORDER. 
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Volume  VII.     No.  4.  LONDON,  April,  1912. 

EDITORIAL    NOTES. 


LONDON  COUNTY  COUNCIL  REGULATIONS  FOR  REINFORCED  CONCRETE. 

We  have  recently  published  in  our  columns  the  regulations  which  are  pro- 
posed by  the  London  County  Council  with  respect  to  the  construction  of 
buildings  wholly  or  partly  of  reinforced  concrete,  power  to  draft  which  was 
given  in  the  London  County  Council  General  Powers  Act,    1909. 

In  general,  these  regulations  have  our  whole-hearted  approval,  and  we 
think  they  have  been  extremely  well  drafted,  and  record  safe  practice.  We 
would  point  out  that  these  regulations  do  not  apply  to  any  and  every  kind 
of  reinforced  concrete  work  to  be  put  into  buildings  in  London,  and  the  whole 
of  the  various  authorities,  such  as  gas  companies,  dock  companies,  etc.,  are 
exempt  in  the  same  vv'ay  as  they  are  from  the  operation  of  the  London  Build- 
ing Acts.  Moreover,  these  regulations  apply  only  to  what  may  be  termed 
frame  buildings  in  reinforced  concrete,  in  which  the  walls  are  reducec  from 
the  thickness  provided  under  the  former  London  Building  Acts. 

Fortunately  these  rules  for  reinforced  concrete  construction  do  not  form 
part  of  a  statute — i.e.,  included  in  an  Act  of  Parliament — but  are  made  inde- 
pendently by  the  Superintending  Architect  under  the  provisions  of  an  Act  of 
Parliament.  We  wish  that  powers  could  be  obtained  by  the  London  County 
Council  upon  some  future  occasion  to  rescind  certain  parts  of  the  former 
Building  Acts  and  enable  the  Superintending  Architect  to  draft  regulations, 
at  least  for  all  matters  affecting  the  science  and  practice  of  constructing 
buildings.  The  advantage  of  these  "Regulations,"  as  distinct  from  "a 
statute,"  is  that  they  can  be  altered  from  time  to  time  as  practice  and  science 
progress. 

Coming  to  detailed  consideration  of  the  draft  regulations,  we  find  it 
provided  in  Part  2,  Section  6,  that  the  dead  load  of  a  building  shall  consist  of 
the  permanent  construction  comprised  therein,  and  among  such  construction 
is  included  partitions.  As,  however,  the  partitions  are  seldom  placed  definitely 
upon  the  plans  when  the  building  is  commenced,  some  alteration  or  other 
always  taking  place,  it  would  be  wiser  to  provide  that  partitions  may  be 
reckoned  as  temporary  structures  and  included  in  the  superimposed  loads, 
seeing  that  it  is  permitted  to  reckon  so-called  temporary  partitions,  weighing 
quite  as  much  as  ordinary  so-called  permanent  partitions,  as  included  in  the 
loads  specified  for  various  classes  of  buildings  under  Section  9.  It  would  be 
well  to  have  an  allowance  to  include  in  such  loads  partitions  of  a  stated  weight, 
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wlutluT  tt'm|)()r;iry  or  pt  iir,;incnl,  and  if  in  the  case  of  certain  huildinj^s  the 
partitions  were  really  permanent  and  able  to  be  taken  account  of  in  the  calcula- 
tions, and  the  construction  made  such  as  to  sustain  them,  then  it  would  be 
logical  to  ])irinit  a  reduction  of  tiie  superimposed  loads  by  such  amount  as 
should  l)e  staled  to  he  included  in  the  loads  set  forth.  For  instance,  supposing- 
it  were  permitted  to  put  temporary  or  permanent  partitions  upon  a  floor  without 
special  calculations  up  to,  say,  ::o  lb.  per  sq.  ft.  of  the  Hoor  area,  then  if  the 
partitions  are  separately  provided  for  in  the  calculations  of  any  beam  or  beams 
sustaininj^-  them,  it  should  i)e  permissiijle  to  reduce  the  superimposed  load  by 
the  said  20  lb.  We  consider  this  would  be  the  truly  scientific  way  of  regarding 
lloor  loads,  for  no  doubt  the  70  lb.  which  is  provided  for  with  ordinary  floors 
in  donie.^tic  l)uildings  is  quite  excessive  unless  partitions  be  included  therein; 
50  11).   would  he  ample,  and  is  allowed  for  tall  buildings  in  America. 

As  rei^ards  Sections  2\  to  23,  it  should  be  recollected  in  determining  the 
tle|)th  of  a  beam  in  respet't  to  the  span  and  the  limitation  of  the  deflection 
of  a  beam,  that  a  "  beam,"  in  the  meaning  of  these  regulations,  may  be  a 
cantilever,  and  in  the  case  of  a  cantilever  sustaining  a  concentrated  load  at  the 
end,  the  deflection  is  much  more  than  in  a  "  beam  "  in  the  ordinary  sense  of 
the  word.  As  the  deflection  depends  upon  the  load  as  well  as  the  span  we  do 
not  see  quite  where  this  regulation  is  thoroughly  logical.  The  limitation  of 
the  deflection  should  be  a  matter  for  the  engineer  designing  the  job  to  consider, 
as  it  might  be  desirable  in  many  circumstances  to  put  in  a  much  shallower 
beam  than  is  here  provided. 

We  wish  that  Sections  27A  to  271  could  be  omitted,  because  from  a  theo- 
retical point  of  view  they  are  not  at  all  adequate  and  will  have  little  or  no 
practical  advantage.  All  conditions  of  loading  have  not  been  provided  for, 
and  the  bending  moments  set  forth  are  for  a  single  concentrated  load  at  the 
centre  of  a  beam  or  at  the  free  end  of  a  cantilever,  or  for  an  evenly  distributed 
load.  Seeing  that  there  are  many  other  conditions  of  loading  which  are 
extremely  frequent  in  practice,  to  which  the  sections  do  not  apply,  such  cases 
then  coming  under  Section  t^2,  where  it  is  provided  that  the  beams  or  slabs 
are  to  be  calculated  by  the  accepted  formulas  of  modern  engineering  practice, 
such  a  provision  could  quite  well  apply  to  all  cases.  Apparently  the  object  in 
setting  forth  these  rules  for  determining  bending  moments  is  to  provide  some 
allowances  for  imperfect  fixity,  varying  moments  of  inertia,  settlement  of 
supports,  and  partial  or  irregular  distribution  of  loads.  This  could  have  been 
much  better  met  by  inserting  clauses  reading  somewhat  as  follows  : — ^ 

(1)  In  the  case  of  supposedly  fixed  beams  the  bending  moment  shall  be 
determined  on  the  assumptions  of  a  uniform  moment  of  inertia  and  supports 
maintained  at  assumed  levels,  and  to  such  bending  moments  at  any  and  every 
point  there  shall  be  added  : 

(a)  an  allowance  of  5  per  cent,  where  the  moment  of  inertia  is  not  uniform 
and  where  the   elTeet   of    such  variation   be   not  determined; 

{b)  an  allowance  of  5  i)er  cent,   for   unequal  settlement  of  supports;  and 
(c)  a  still  further  allowance  of  10  per  cent,  where  absolute  fixity  is  doubtful. 

(2)  In  the  case  of  continuous  beams  the  bending  moment  shall  be  determined 
on  the  assumptions  that  continuity  does  not  extend  over  more  than  three  spans, 
and   to  such  bending  moments    there  shall   be  added  : 
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(a)  where  the  moment  of  inertia  is  not  uniform  and  where  the  effect  of  such 
variation   is   not   determined,   an   allowance    of  5  per  cent.  ; 

(b)  to  provide  for  continuity  over  more  than  three  spans  where  such 
continuity  may  exist,  an  allowance  of  6  per  cent,  on  the  bending  moments  of 
the  dead  load  and  an  allowance  of  10  per  cent,  on  the  bending  moments  of  the 
superimposed  loads  about  the  middle  of  intermediate  spans,  and  an  allowance  of 
5  per  cent,  on  the  bending  moments  of  both  the  dead  and  superimposed  loads 
about  the  adjoining  supports,  but  no  increase  need  be  made  about  the  middle 
of  end  spans ; 

(c)  to  provide  for  unequal  settlement  of  supports  a  still  further  allowance 
of  5  per  cent. 

It  might  also  be  advantag-eous  to  state  that  for  evenly  distributed  loading 
on  beams  of  equal  spans  extending  over  more  than  three  supports,  the  maxi- 
mum   bending   moments   could,    where    not    determined   by    precise   calculation, 

be    taken    at    +  —  about  the  middle  of  the  intermediate  spans  and—  — at    the 
12  12 

intermediate    supports,    and    +  —  about  the  middles  of  end  spans,  and—    —  at 
^*^  10  12 

adjoining    supports.      It    is   thought   that   the    above   would    be   ample   provision 
to  make  in  practice. 

Sections  2gA,  b  and  d  require  remodelling  in  accordance  with  the  fore- 
going, and  we  may  call  attention  to  the  fact  that  to  Section  29B,  if  it  be  retained, 
words  should  be  added  to  make  it  necessary  to  take  the  bending  moment  at 
the  middle  the  same  as  is  required  for  the  ends  under  this  section,  while  in 
Clause  29U  we  would  point  out  that  the  bending  moment  given  for  the  centre 
of  the  span  of  a  rectangular  slab  does  not  accord  with  Cause  271.  It  would 
be  better  to  omit  the  first  terms  of  the  formulae — namely,  the  factors  for 
bending  moments — from  this  section,  and  simply  let  the  second  terms  of  the 
formula?  apply  to  a  reduction  of  the  load  to  be  assumed  as  coming  upon  the 
shorter  or  the  longer  spans  respectixely.  The  previous  rules  for  determining 
bending  moments  would  then  apply  to  these  equivalent  loads. 

In  Sections  7,2,  132.^  and  132B  the  working  stresses  upon  concrete  are 
regulated,  but,  in  view  of  the  fact  that  safe  shear  stresses  will  vary  directly 
with  the  compressive  resistance,  it  would  be  better  to  state  the  working  shear 
stress  as  a  percentage  of  the  compressive  resistance;  Clause  132B  would  then 
operate  also  in  respect  to  shear  for  other  proportions  than  the  two  recorded  in 
Clause  ^Ti,.  Further,  as  regards  this  question  of  shear  stress,  distinction  should 
be  made  between  the  shear  stress  in  a  beam  not  reinforced  against  diagonal 
tension,  and  pure  shear  where  the  diagonal  tension  is  taken  not  by  the 
concrete.  We  are  quite  in  agreement  as  to  allowing  60  lb.  for  i  :2  14  concrete 
in  the  former  case,  but  where  .all  the  tensile  web  stresses  are  provided  for 
by  the  reinforcement,  or  where  pure  shearing  stress  occurs  {i.e.,  punching 
shear)  as  in  a  foundation,  or  in  the  case  of  a  column  standing  on  a  slab  or 
beam,  and  also  along  planes  such  as  at  the  connection  of  the  rib  with  the  flange 
of  a  tee  beam,  and  at  the  junction  of  the  rib  of  a  beam  with  the  support,  we 
are  in  favour  of  allowing  the  shear  stress  to  be  as  much  as  50  per  cent,  of 
the  compressive  stress  permitted  on  the  concrete.  In  justification  of  this  we 
would   refer  to  the  experiments  of   Professor   Spofford   and   Professor  Talbot, 
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and  also  to  experiments  referred  to  in  Professor  Morsch's  Ixjok,  it  being 
shown  in  the  latter  that  steel  cannot  come  into  play  in  pure  shear  until  the 
concrete  is  cracked,  after  which  the  concrete  comes  into  bearing-  compression 
on  the  rods  and  in  such  case  American  experiments  recorded  on  pp.  57  to  59 
of  our  issue  for  January,  igio,  ha\e  shown  that  a  great  deal  more  steel  would 
be  required  than  it  would  be  practicable  to  use  for  such  a  purpose.  Thus 
unless  some  provision  be  made  for  calculating  concrete  alone  as  sustaining 
the  pure  shear  stress  according  to  the  value  we  suggest,  we  feel  that  the 
regulations  would  not  be  quite  on  the  safe  side,  for,  as  we  have  said,  the  fact 
that  the  tension  component  of  the  shear  may  be  calculated  to  be  taken  entirely 
by  the  steel  is  not  sufticient,  because  if  the  steel  can  only  come  into  play  after 
the  concrete  has  cracked  there  would  be  some  settlement  before  the  concrete 
came  into  bearing  against  the  rods,  which  would  mean  somewhat  large  cracks 
that  would  be  likely  to  result  in  corrosion  of  the  steel. 

In  this  same  section  it  is  required  that  the  tensile  stress  in  web  reinforce- 
ment shall  be  taken  at  12,000  lb.  per  sq.  in.,  and  that  the  shearing  stress  shall 
also  be  taken  at  the  same  figure.  With  the  latter  we  agree,  because  it  is  then  a 
question  of  pure  shearing  stress,  but  to  our  mind  there  is  evident  confusion  in 
the  former  as  to  the  true  function  of  the  web  reinforcement.  The  provision  in  the 
London  County  Council  regulations  is  evidently  derived  from  the  requirements 
set  forth  in  the  Royal  Institute  of  British  Architects'  Joint  Committee's  second 
report,  but  we  would  point  out  that  that  report  permits  one  to  take  the 
concrete,  even  in  the  presence  of  shear  members,  as  capable  of  resisting  60  lb,, 
the  remainder  of  the  shear  being  taken  by  the  steel,  and  this  procedure  would 
also  be  permitted  under  Section  40  of  these  regulations.  This  might  well  be 
unsafe  in  the  case  of  large  tee  beams  where  the  shear  is  considerable,  for,  if 
most  of  the  concrete  in  the  effective  section  be  cracked,  as  the  Joint  Committee 
and  the  London  County  Council  assume  can  be  the  case,  then  that  part  cannot 
take  shear.  Thus  practically  the  whole  shear  would  have  to  be  taken  by  the 
steel.  Consequently,  we  can  see  how  it  is  possible,  if  the  concrete  in  the  rib 
has  been  assumed  to  take  60  lb.  shear  all  over  the  section,  for  the  real  stress 
coming  upon  the  web  reinforcement  to  be  far  in  excess  of  12,000  lb.  per 
sq.  in.  It  would  be  far  safer  to  provide  that  where  web  reinforcement  is 
recjuired  at  all  the  concrete  shall  not  be  calculated  to  take  any  of  the  shear, 
but  that  the  tensile  stress  in  the  web  reinforcement  shall  be  permitted  to  be 
[)f  the  same  value  as  the  direct  tensile  stress  in  longitudinal  members,  for  it 
clearly  has  to  serve  the  same  function  as  the  web  members  of  lattice  or  N 
girders.  This  would  emphasise  the  function  for  which  the  web  members  are 
provided- -namely,  to  resist  the  tensile  stresses  in  the  web — the  concrete  serving 
in  its  turn  to  resist  the  compressive  stresses,  which  it  is  quite  able  to  do  not- 
withstanding any  cracks. 

We  are  glad  to  see  that  the  direct  tensile  stress  on  mild  steel  is  put  at 
17,000  lb.  instead  of  16,000  lb.  per  sq.  in.,  as  in  the  Royal  Institute 
of  British  Architects'  Joint  Committee's  report,  because  if  "jh  tons  is  the 
stress  customarily  permitted  in  ordinary  structural  steelwork  where  large 
sections  are  likely  to  be  more  uneven  in  quality  than  the  small  sections  used 
in  reinforced  concrete,  and  are,   furthermore,  not  adequately  protected  against 
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corrosion  as  are  the  sections  employed  in  reinforced  concrete  work,  there  is  all 
the  more  reason  for  taking  a  higher  stress  than  j^  tons  rather  than  a  lower 
stress,  such  as  16,000  lb.  For  our  part,  we  think  it  would  be  quite  right,  in 
view  of  the  quality  of  steel  required  by  the  regulations,  10  permit  18,000  lb. 

As  regards  Section  47,  it  seems  to  us  undesirable  to  include  the  word 
cantilever  under  the  term  "  beam,"  unless  it  be  stated  that  the  word  shall 
only  apply  to  Sections  47  to  79,  because  if  not,  it  clashes  with  Clause  27A  and 
27B,  and  also  with  Clause  2;^,  to  which  latter  we  have  referred  above.  We  would 
prefer  to  see  a  cantilever  called  a  cantilever  and  not  a  beam  ;  it  would  only 
mean  inserting  the  words  "  and  cantilevers  "  after  the  word  "  beams  "  in 
Sections  19,  21  to  2;^,  57,  65,  66,  71  to  74,  116  and  150. 

In  Sections  43  to  46,  while  we  agree  that  it  is  good  enough  to  take  the 
modular  ratio  as  15  in  calculating  beams  in  practice,  we  think  that  the  modular 
ratio  for  pillars  and  compressive  reinforcement  generally  should  be  based  as 
a  percentage  of  the  compressive  stress  permitted  on  the  concrete ;  Clause  46 
would  then  need  to  have  the  words  "  in  beams,  cantilevers  and  slabs  "  inserted 
after  the  word  "concrete,"  while  another  clause  should  be  added  that  in 
calculating  compressive  reinforcement  generally  the  modular  ratio  should 
be  obtained  by  some  such  formulae  as  the  following:  »;  =30— '025^^  with  an 
upper  limit  of  4. 

Section  52  is  perhaps  the  best  provision  that  can  be  made  for  calculating 
the  compressive  reinforcement  in  beams,  but  it  is  probable  that  it  will  be 
proved  to  be  unsatisfactory-  where  much  steel  is  provided  in  the  top  of  a 
beam,  for  the  rule  might  require  the  steel  to  be  of  greater  area  in  the  com- 
pression area  of  the  beam  than  in  the  tensile  area.  In  such  case  it  appears 
that  the  concrete  in  compression  might  be  ignored. 

The  distance  of  the  anchors  required  bv  Section  54  for  the  compressive 
steel  should  for  small  rods  be  less  than  the  effective  depth  of  the  beam,  and 
should  bear  some  relation  to  the  diameter  of  the  bar. 

\\'e  hope  that  Sections  56  and  57  will  be  interpreted  to  mean,  as  they 
should,  that  splays  adjoining  .columns  will  be  reckoned  as  increasing  the 
effecti\'e  depth  of  beams  at  this  point,  so  enabling  the  reverse  bending  moment 
to  be  resisted  without  providing  a  very  large  amount  of  steel  both  top  and 
bottom  over  supports.  W'e  therefore  suggest  that  at  the  end  of  Section  56 
the  words  be  added  :  "  but  the  depth  of  the  spla}'  may  be  included  in  the  effective 
depth  of  the  beam." 

In  connection  with  Sections  58  to  63  a  requirement  should  be  inserted 
for  distributing  bars  to  be  used  where  the  main  tensile  reinforcement  is  in  one 
direction  only.  Such  distributing  bars  are  usually  a  quarter  of  an  inch  in 
diameter  and  placed  about  .twelve  to  eighteen  inches  pitch,  but  if  Clause  60 
stands  and  permits  mesh  reinforcement  to  have  wires  ^q  in.  diameter,  then 
the  distributing  bars  need  not  be  greater. 

In  Section  71  (b)  we  would  like  to  see  it  permitted  to  take  the  total 
distance  between  the  centres  of  the  ribs  as  the  width  of  the  flange  in  the  case 
of  such  constructions  as  hollow-tile  floors,  but  we  quite  agree  with  the  wisdom 
of  the  provision  for  three-fourths  the  distance  in  the  case  of  ordinary  secondary 
or   main   beam   construction. 
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Section  71  (c)  should  not  he  permitted  to  stand,  because  the  width  of  a 
fee  beam  should  be  solely  limited  by  the  pure  shearing  stress  on  the  concrete 
alono-  the  plane  of  connection  between  the  rib  and  the  tlange,  which,  as  we  have 
previously  stated,  can  be  taken  at  ai)()ut  50  per  cent,  of  the  direct  compressive 
stress. 

As  regards  Section  87,  which  applies  to  pillars,  we  think  it  unwise  to 
use  the  term  "  fixed  "  for  the  condition  of  the  ends,  because  it  is  seldom 
that  this  condition  is  strictly  true.  It  would  be  better  to  use  the  term  "with 
flat  ends,"  as  in  American  practice,  or  else  "partially  fixed,"  the  latter 
perhaps  being  more  proper  to  conditions  of  modern  monolithic  reinforced 
concrete  construction.  The  rules  for  calculating  the  resistance  of  pillars  seem 
to  us  quite  serviceable,  with  the  exception  of  the  limiting  value  of  the  working 
stress  in  Section  102,  which  would  be  altogether  excessive  if  the  hoops  were 
of  large  section  spaced  comparatively  wide  apart.  The  spacing  of  the  hoop- 
ings  has  much  to  do  with  the  limits  of  the  working  stress,  and  we  would 
set  these  limits  as  follows,  pending  a  more  adequate  theoretical  analysis  than 
has  so  far  been  put  forward  :— - 

For  rectilinear  laterals,   c(i  +  '035).       For  circular   hoops,    c(i  +  -045). 
For  cylindrical  helices,  c(i  +  "055). 
Wherein    5  =  spacing    factor.      The    formula    for    determining    the    spacing    for 
intermediate  values  not  given  in  the  table  should  be  inserted  also. 

In  Section  105  provision  is  made  for  concrete  block  walls,  and  w^e  think 
attention  should  be  directed  to  the  fact  that  in  the  near  future  powers  should 
be  obtained  to  make  regulations  for  reinforced  brick  walls. 

With  regard  to  Section  108,  we  do  not  see  any  reason  for  limiting  the 
area  of  openings  in  walls ;  it  has  not  necessarily  anything  to  do  with  the 
stability  of  the  construction,  and  if  fire  risk  is  the  reason  for  the  provision,  then 
a  rule  should  be  given  which  bases  the  size  of  the  opening  upon  proximity  to 
adjoining  structures.  If  there  is  an  idea  as  to  the  aesthetic  value  of  large 
wall  surfaces,  this  is  perfectly  illogical  from  the  point  of  view  of  the  laws  of 
aesthetics,  because  there  are  no  canons  of  proportion  other  than  constructional 
fitness,  and  in  the  case  of  frame  structure  the  walls  may  be  dispensed  with, 
as  in  the  case  of  King's  College  Chapel  at  Cambridge  and  many  other  of  the 
finest  specimens  of  Gothic  architecture. 

As  regards  the  protection  of  the  steel  in  reinforced  concrete  construction, 
the  limits  set  in  Sections  114  to  117  are  all  very  reasonable,  except  that  in 
the  case  of  pillars  we  would  like  to  see  the  alternative  given  of  either 
increasing  the  concrete  cover  or  adding  a  cover  of  other  materials,  so  that 
the  protection  to  the  steel  shall  be  4  in.  of  solid  material.  Fire  tests  and 
experience  in  actual  fires  suggest  that  nothing  less  is  really  adequate  in 
buildings  and  that  a  good  margin  of  safety  is  preferable. 

In  Section  124  it  should  be  noted  that  "broken  hard  brick"  need  not 
always  be  satisfactory ;  some  kinds  of  brick  disrupt  the  concrete,  and  old 
bricks  should  not  have  any  dust  or  mortar  with  them,  while  the  greatest 
care  should  be  paid  to  seeing  that  no  plaster  of  Paris,  Keene's  cement  and 
other  sulphates  of  lime  are  present. 

In   Section    127   we   do   not    see   why   change    is   made   from    the   ordinary 
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practice  of  both  Eng-land  and  America  of  regarding  sand  as  all  material 
that  will  pass  a  quarter-inch  square  mesh.  The  coarser  the  sand  the  better, 
and  if  there  is  no  idea  of  reducing  the  size  of  what  shall  be  considered  sand, 
with  a  view  to  what  will  be  suitable  for  mortar,  we  do  not  see  that  such  a 
requirement  should  prevail,  for  the  sort  of  sand  which  would  be  permitted 
and  is  usual  and  quite  satisfactory  for  mortar,  is  not  generally  suitable  for 
reinforced  concrete  work,  containing  too  much  loam.  Until  there  is  adequate 
proof  that  the  usual  method  of  taking  the  limit  of  a  j  in.  for  sand  is 
undesirable,  it  should  be  left  to  stand. 

In  Section  130  there  is  no  need  for  the  15  per  cent,  provision  as  the 
excess  volume  of  mortar,  which  should  only  be  slightly  in  excess  of  the  voids 
of  the  coarse  material. 

Sections  131  and  132  regulate  the  strength  of  concrete,  and  require  that 
the  volume  of  coarse  n^atcrials  in  the  sand  shall  bear  a  definite  relation,  but 
we  would  like  to  see  this  altered  to  a  more  scientific  ruling — namely,  to  permit 
scientific  proportioning  where  the  voids  in  the  sand  and  in  the  aggregate 
are  properlv  determined,  as  we  fear  that  such  clauses  as  this  might  be  copied 
in  localities  where  the  materials  are  different  from  those  likely  to  be  used  in 
the  London  district.  It  would  be  well  if  the  London  County  Council  could 
give  a  lead  by  putting  this  rule  in  form  adequate  to  all  districts.  If  the  sand 
is  graded  in  such  a  manner  that  the  voids  are  less  than  40  per  cent.,  the 
sand  could  be  more  than  twice  the  volume  of  cement,  and  in  the  same  way 
if  the  voids  in  the  coarse  material  are  less  than  40  per  cent.,  the  volume  of 
coarse  materials  could  be  more  than  twice  the  volume  of  the  mortar ;  it  is  all 
a  question  of  grading  and  the  proportion  of  the  voids  in  the  materials.  For 
drafting  a  scientific  rule  we  would  direct  attention  to  Taylor  and  Thompson's 
well-known  book  on  concrete,  in  which  such  rules  are  formulated. 

In  regard  to  Section  138  steel  should  never  be  coated;  it  is  therefore 
best  to  delete  words  having  reference  thereto.  In  Section  143  our  remarks 
regarding  the  provision  for  deflection  apply  here  also. 

In  Section  145  a  longer  time  should  be  allowed  before  loading  tests  be 
applied  where  the  concrete  has  been  exposed  to  cold  and  rain.  The  time  should 
be  increased  by  as  many  days  as  frost  and  rain  have  intervened. 

As  to  Section  153,  neat  cement  grout  should  never  be  used  for  connecting 
new  concrete  to  old;  mortar  should  alone  be  used.  Section  157  requires  that 
all  structures  exposed  to  frost  must  be  tested  ;  this  is  undesirable. 

The  other  sections  of  the  regulations  are  to  be  highly  commended.  Some 
of  the  practical  provisions  for  the  execution  of  work  might  be  extended,  such 
as  by  requiring  folding  wedges  at  top  of  all  uprights,  so  that  centering  can 
be  eased  and  deflection  noted  ^without  risk  of  all  collapsing  on  to  the  workmen 
engaged  in  removing  the  struts,  and  possibly  others,  and  wrecking  sur- 
rounding work,  because  this  is  the  direction  in  which  the  greatest  care  needs 
to  be  taken.  Indeed  we  wish  that  some  such  rule  could  be  in  force  as  that  in  the 
code  of  by-laws  for  this  class  of  construction  in  Jamaica,  where  it  is  required 
that  a  superintendent  shall  be  appointed  on  every  job  by  the  municipality 
or  government,  and  his  wages  paid  by  the  building  owner.  In  our  opinion, 
supervision    by    the    district    surveyor    can    never    be    close    enough    over    the 
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pr:i(-tical  execution  of  llif  work  unless  an  assistant  of  the  district  surveyor 
he  always  upon  the  joh,  and  the  fees  of  the  district  surveyor  are  totally 
insuHicicnt  to  allow  of  this.  l'"ailiny  such  a  provision,  it  is  to  be  hoped  that 
powers  will  In-  obtained  at  any  rate  to  license  the  foremen  engaged  on  such 
work.  This  would  prove  of  advantage  to  the  trade  in  preventing  the 
ad\erse  opinions  of  reinforced  concrete  conjured  up  by  disasters,  and  would 
also  be  of  advantage  to  foremen  in  increasing  their  status  and  by  preventing 
the  competition  of  the  incompetent. 

The  regulations  arc  a  distinct  step  forward  in  scientific  building  legisla- 
tion, and  deserve  to  form  a  model  to  other  municipalities.  The  London 
County  Council  and  their  Superintending  Architect  are  to  be  congratulated  on 
the  readiness  they  have  shown  in  keeping  up  with  the  times,  as  is  instanced 
bv  the  (ieneral  Powers  Act,  igo8,  permitting  greater  cubical  extent  of  build- 
ings, the  General  Powers  Act,  1909,  recognising  steel  frame  construction,  and 
the  i)resent  reinforced  concrete  regulations.  Perhaps  the  Council  will  later 
take  up  the  question  of  reinforced  brickwork  and  a  scientific  amendment  of  the 
existing  Acts.  The  technical  law  should  be  in  the  form  of  "  regulations  "  which 
can  always  be  kept  up-to-date,  and  the  drafting  should  be  entrusted  to  the 
technical  advisers  of  the  building  authority,  and  not  to  the  "  legal  mind  "  which 
has  made  the  former  Acts  so  obscure. 

HENNEBIQUE    FERROCONCRETE. 

We  regret  that  Messrs.  Mouchel  &  Partners  should  consider  the  article 
which  appeared  in  our  March  issue  entitled  "  The  Revised  Report  of  the  Royal 
Institute  of  British  Architects  "  to  be  an  attack  on  their  method  of  design 
and  the  safety  of  Hennebique  structures,  and  we  certainly  disclaim  all  intention 
of  implying  that  their  plans  are  prepared  otherwise  than  in  accordance  with 
the  usual  and  recognised  methods  of  calculation  employed  by  the  most  ex- 
perienced engineers  in  reinforced  concrete.  In  our  editorial  note  to  the  article 
in  question  we  pointed  out  that  we  did  not  associate  ourselves  in  any  way  with 
the  views  put  forward,  which  we  would  again  repeat.  Messrs.  Mouchel  and 
Partners  have  sent  us  the  following  letter  on  the  subject  : — 

March,   1912. 

Sir,— Our  attention  has  be^en  drawn  to  the  article  by  Mr.  R.  W.  Vawdrey  in 
your  March  issue,  professing  to  discuss  "  The  Revised  Report  of  the  Royal  Institute 
of  British  Architects,"  but  which,  with  the  exception  of  a  few  sentences,  is  nothing 
rnore  than  an  attack  upon  the  Hennebique  method  of  design  and  the  safety  of  Henne- 
bique structures. 

We  notice  that  in  the  introduction  to  tfie  article  you  "  particularly  invite  the  views 
of  Messrs.  Hennebique  on  this  important  matter."  In  response  to  this  invitation  we 
make  the  following  remarks  as  the  representatives  of  the  Hennebique  system  in  the 
United  Kingdom. 

Mr.  R.  W.  Vawdrey  is  a  director  of  the  Indented  Bar  and  Concrete  Engineering 
Co.,  Ltd.,  a  fact  that  should  certainly  have  been  stated  by  you  in  order  that  readers 
might  be  able  to  see  at  a  glance  the  far  from  unbiassed  position  of  the  writer.  We 
do  not  propose  to  say  a  single  word  in  reply  to  the  article  in  question,  being  quite 
content  to  leave  to  your  readers  the  duty  of  deciding  for  themselves  the  impartiality, 
truth  and  good  taste  of  the  criticisms. — Yours   faithfully. 

The  Editor.  For  L.  G.  Mouchel  &•  Partners, 

Concrete  and  Constructional  Eu^ifieering."  J.  S.  E.  De  V'esian,  Director. 
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REINFORCED 
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AT  HARRINGTON 

COLLIERY. 


We  have  on  several  occas-ons  pointed  out  the  advisatility  of  using  reinforced  concrete 
in  colliery  ivork,  and  lue  are  therefore  glad  to  be  able  to  publish  in  this  issue  a  description  of 
some  very  interesting  tvork  in  that  msterial  at  Harrington  Colliery.  The  article  ivas 
prepared  for  us  by  Mr.  Albert  Lakeman,  Hon.  Medallist  Construction.— ED. 


This  example  provides  us  with  another  instance  of  the  extensixe  use  of 
reinforced  concrete,  which  is  being  employed  for  all  classes  of  construction, 
and  its  adaptability  is  admirably  illustrated  in  work  of  this  kind. 

The  scheme  consists  of  a  gantry  for  the  conveyance  of  coal  from  the  pit 
head  to  the  screening-  house,  and  from  thence  to  the  railway  siding,  and  the 
work  will  be  more  clearly  understood  if  some  idea  of  the  system  employed 
is  first  gathered. 

The  general  plan  is  illustrated  in  Fig.  i,  and  it  will  be  seen  that  the  pit 
head  is  situated  in  the  centre  of  the  banking  house,  and  it  is  at  this  point  that 
the  coal  is  raised  in  the  trucks,  which  are  lifted  from  the  mine  in  a  two-storied 
cage.  This  banking  house  has  a  width  of  26  ft.  and  a  length  of  about  80  ft., 
and  an  upper  and  lower  runway  are  constructed  to  suit  the  two  levels  of  the 
cage  in  which  the  trucks  are  raised.  These  runways  are  provided  with  rails, 
and  upon  these  the  trucks  run  by  g  ravity  for  a  distance  of  about  80  ft. ,  where 
the  gantry  is  widened  out  to  allow  two  sets  of  rails  to  run  side  by  side,  and 
creepers  are  provided  which  raise  the  trucks  to  such  a  height  as  will  give 
the  necessary  fall  to  the  screening  house.  Owing  to  the  difference  in  the  level 
of  the  rails  when  leaving  the  banking  house,  the  two  creepers  are  of  different 
lengths,  in  order  to  bring  the  trucks  to  the  same  level  and  allow  them  to  enter 
the  screening  house  at  the  same  point.  Upon  reaching  the  screening  house  the 
trucks  are  spread  on  separate  lines  of  rails,  each  of  which  is  provided  with  a 
"  tippler,"  consisting  of  a  vertical  wheel  in  which  the  truck  is  caught  and  made 
to  rotate  in  such  a  manner  as  to  empty  the  contents  on  to  the  screens  situated 
on  the  floor  below.  After  the  trucks  are  emptied  they  assume  their  normal 
position,  and  leave  the  "  tippler  "  to  proceed  on  the  return  journey  to  the 
banking  house.  As  the  trucks. leave  the  screening  house  on  the  same  level,  a 
creeper  is  necessary  on  the  return  gantry  for  raising  one  half  of  the  trucks  m 
order  that  they  may  reach  the  high-level  floor  of  the  cage  by  which  they  are 
returned  to  the  mine.  All  these  varying  levels  naturally  complicated  the 
design  of  the  gantries,  which  also  required  to  be  of  varying  widths  to  suit  one 
or  two  lines  of  rails,  as  the  case  might  be,  9  ft.  being  required  in  the  former 
case,  and  13  ft.  in  the  latter. 

In  addition  to  the  truck  gantry,  a  belt  conveyor  gantry  6  ft.  wide  and  about 
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280  ft.  long  is  attached 
to  the  screening'  house 
for  conveying  the  coal 
direct  to  the  railway 
trucks.  A  small  build- 
ing was  formed  between 
the  tj"uck  gantry  and  the 
belt  conveyor  gantry  as  a 
repairing  house  for  the 
trucks. 

The  columns  to  the 
banking      house      are 
spaced        at        distances 
varying  from  20  ft.  g  in. 
to  31  ft.  3  in.,  and  these 
are  connected  by  trusses 
as     shown     in     Fig.     2, 
which  is  a  detail  section 
of    the    banking    house. 
The     size     of     these 
columns      at      the     base 
varied    from     15    in.    by 
i5in.  to   i8in.   by   iSin., 
and     the     reinforcement, 
generally  speaking,  con- 
sisted     of      four      f-in. 
diameter  rods  w:ith  A-in. 
binding  at  6-in.   centres. 
The       foundations 
consisted  of  a  reinforced 
concrete         slab         with 
s  t  i  ff  e  n  i  n  g        beams 
running     out     from    the 
columns     to     the     edges 
of  the   slab   in   the   form 
of    a    cross,    the    size    of 
the     slab    varving     from 
4    ft.     6    in.     under    the 
smallest  column  to  6  ft. 
6  in.    under   the  largest, 
with    reinforcement    con- 
sisting  of   f-in.    bars    at 
6-in.  centres,   with   Moss 
bars  in  the  main  ribs. 

A  typical  truss  is 
that  illustrated  in 
Fig.   2,  where  it  will   be 
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seen     that     the     beams    which 
carry  the  rails  are  framed  into 
vertical     members      spaced     at 
about      7-ft.      intervals,      these 
members    varying-    from    8    in. 
square  to   lo  in.   by  8  in.,  with 
similar     bracing-     members     as 
shown    in    the    drawing-.       The 
reinforcement     in     most     cases 
consists  of  four  ^-in.  bars  with 
A-in.    binding-  at  g-in.    centres, 
while  the  cross-beams  carrying- 
the  rails  varied  considerably  in 
size,     according    to     the     span, 
and  were  reinforced  with  Moss 
bars   and    stirrups.      The   lower 
set     of     cross-beams     had     an 
a  V  e  r  a  g-  e     height     from     the 
ground     of    21     ft.,    while     the 
total     height     of    the     banking 
house   is   about   38   ft.,    and   as 
the    space    between    the    con- 
structional  members   was   filled 
in     with     expanded    metal     and 
cement  plaster,  a  great  deal  of 
w  i  n  d     pressure     had     to     be 
resisted. 

The      drawing      illustrated 
in    Fip.     3    shows    an    instance 
where    wind    bracing   was    pro- 
vided,    this     being     a     section 
through  one  point  in  the  return 
gantry    giving    only    the    lower 
part    below     the     level     of    the 
rails.      The  size  of  the  cage  is 
shown    in    Fig.    4,    which    is    a 
cross  section  through  the  lower 
part  of  the  banking  house,  and 
it  will  be  seen  how  the  columns 
are      inclined     inwards     and 
braced     with     an     intermediate 
strut  12  in.  by  8  in.,  reinforced 
with    four    f-in.    diameter    rods 
and    Ts-'in.     wire    ties    at    9-in. 
centres.     The  truss  L  which  is 
indicated   in   this   illustration   is 
shown   in   elevation   in   Fig.    2. 
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Fifi.  3.     Section  showing  Wind  Bracing. 
RuNpoRCED  Concrete  Gantry  at  Harrington  Colliery. 
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Fig.  4.     Cress  Section  through  Banking  House. 
Reinforced  Concrete  Gantry  at  Harrington  Colliery. 
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It  will  be  seen  that  these  two  columns  are  situated  inside  the  banking^  house  as 
shown    in    the   plan    illustrated    in   Fig.    i,    and    are   distinct   from    those    main 


1/ 


Ao^  4  y/t/cA  //!  ctnfhc  J  ,'fe<3^  a/  efts 


Fii.  5.     Cross  Section  of  Bait  Conveyor  Gantry 
Reinforced  Concrete  Gantry  at  Harrington  Colliery 
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columns  previously  described  which  carry  the  ends  of  the  trusses.  The  roof  of 
the  banking-  house  was  formed  with  a  reinforced  slab  3+  in.  thick  between  the 
cross-beams  which  connect  the  upper  columns  at  the  head,  these  cross-beams 
being  reinforced  with  Moss  bars  and  stirrups. 

The  repairing-  shop  was  provided  with  a   sloping  roof  formed  of  a  3i-in. 


View  of  Tub  Gantry. 
Reinforced  Con(?rete  Gantry  at  Harrington  Colliery. 

slab  reinforced  with  i-in.  diameter  rods  at  lo-in.  centres,  with  skylight  openings 
between  the  purlin  beams,  these  latter  having  an  average  size  of  13  in.  by  8  in. 
The  belt  conveyor  gantry  previously  mentioned  affords  some  interesting 
construction,  owing  to  its  great  length.  The  general  spacing  of  the  columns 
was  40  ft.,  and  the  diagram  in  Fig.  5  shows  a  typical  cross  section  of  the 
gantry,   where  it  will  be  observed   that  no  bracing  was  provided  in  this  case 
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between  the  columns,  ns  the  clear  space  was  necessary  owing  to  circumstances. 
The  g-eneral  system  and  size  of  the  reinforcement  are  sufficiently  indicated  to 
need    no   explanation. 

Some  interesting  construction,  which  is  not  fully  illustrated  in  the  diagrams 
reproduced,  was  provided  by  the  wall  beams  on  this  gantry,  which  had  a  span 
of  40  ft.  These  were  56  in.  deep  and  h  in.  thick,  formed  with  a  14-in.  by  S-in. 
horizontal  stitiener  beam  at  the  bottom,  and  with  vertical  struts  at  S-ft.  centres 
8  in.  bv  h  in.,  reinforced  with  four  ^^-in.  diameter  r(jds  and  ts-in.  wiring  at  c)-in. 
pitch.  Continuity  bars  14  ft.  long  were  provided  over  the  main  c(;lumns,  and 
Moss  bars  and  stirrups  were  provided  as  the  main  reinforcement. 


Anotlier  View  of  Tub  Gantry. 
Reinforced  Concrete  Gantry  at  Harrington  Colliery. 

Small  cross-beams  were  formed  at  intervals  of  about  8  ft.  between  th.e 
main  beams  connecting  tlie  columns  to  carry  the  floor,  and  the  roof  wa.; 
constructed  of  a  reinforced  slab  varying  from  4  in.  thick  in  the  centre  to  3  in. 
thick  at  the  eaves,  and  f-in.  diameter  rods  at  6-in.  centres. 

A  great  deal  of  very  interesting  work  can  be  gathered  from  the  drawings 
of  this  example  of  reinforced  concrete  work,  which  afforded  certain  complica- 
tions to  the  designer  which  are  not  met  with  in  ordinary  building  w  ork  ;  and 
no  other  material  would  have  lent  itself  so  readily  to  the  different  conditions. 

The  whole  of  the  reinforced  concrete  work  was  executed  by  Messrs. 
William  Moss  and  Son,  Ltd.,  Queen  Anne's  Chambers,  Victoria  Street,  from 
designs  prepared  under  the  supervision  of  their  chief  engineer,  Mr.  H. 
de  Colleville,  A.R.I.B.A.  The  work  was  carried  out  for  Mr.  Cecil  Walton,  of 
Moresby,  Westmorland. 
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We  publish  below  an  article  on  reinforced  concrete  columns  by  W,  E.  Lilly    Professor  of 
Engineering  at  Trinity  College,  Dublin,  ivhich  merits  attention. — ED. 

Bv  W.  E.  LILLY,  D.Sc. 


1\  this  article  it  is  proposed  to  discuss  the  derivation  of  a  formuhi  for  deter- 
mining; the  strength  of  reinforced  concrete  columns  which  is  generally 
applicable  to  the  mnjorit}-  of  cases  that  arise  in  practice.  The  formula  referred 
to  is  a  modified  form  of  the  Rankine-Gordon  formula  for  columns,  th.e  deriva- 
tion of  which  will  first  be  given. 

p  Consider  the  column  shown  on  Vig.    i   to  be  of  uniform  cross- 

section  and  assume  that  the  column  is  slightly  bent  into  a  parabolic 
curve  by  the  applied  load  P,  then  the  bending  moment  at  the 
middle   is 

M  =  Pd=pAd  (0 

where  P  denotes  the  load  on  the  column, 
d        ,,  the   central    deflection, 

p  ^     ,,  the  load  per  unit  area, 

A        ,,  the  area  of  the  cross-seclion. 

From  the  theory  of  bending  the  following  relation   obtains   for 
Ihe   equilibrium    of   the   central   cross-section  : 


d 


M 
I 


(0 


where   I   denotes  the  moment  of  inertia  of  the  cross-section  about  a 
diameter, 
y        ,,  the  distance  of  the  outer  fibre  from  the  neutral  axis, 

Pj       , ,  the  intensity  of  the  outer  fibre  stress  due  to  bending. 

Also  l-=Ap-  where  p  is  the  radius  of  gyration  of  the  cross-section. 

From  equations  (i)  and  [?.)  the  following  relation  obtains  : 

(3) 


pAd  or    ^  —  -  ., 

V  p        P 


If  ihe  central  cross-section  is  considered  as  being  made  up  of  two  areas 
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of  which  I  ,  tr;in>mits  the  direct  stress  and  the  other  A.,  tlie  bLMuHng  stress  as 
shown  on  /•/>.  2,  and  the  direct  stress  p  on  .1  ,  is  put  equal  lo  the  bending- 
.stress  /'i  (in  .1  .,  then  ecjualion  3  l)ecoines 

'  V  Ai      fh     P 


T  t^V  i  t  t   *    ■(    L 


AdcHny  unitv  to  both  sides  of  this  equation  and 
pal  ting  p  +  pi  equal  to  /  the  strength  to  compression 
i)f  the  material,   then 

fA 

'+dy  .  (5) 


P=pA 


In  deriv  ing'  the  abtn-j  result  it  is  tacitly  assumed 
tlial  tlie  strength  lo  compression  of  the  material  is  equal  to  its  strength  to 
tension.  In  order  to  modify  it  to  include  materials  in  which  the  strength  to 
compression  /jis  different  from  the  strength  to  tension  f^,  equation  4  becomes 

y  A 1    f,p 

and  (6) 

f,-A 
1  +.M  V 

The  result  obtained  in  equation  6  is  only  a  close  approximation  and  differs 
in  this  respect  from  the  result  of  equation  5,  which  is  rigorously  correct  on 
the  usually  accepted  theory  of  Ijending. 

In  deriving  the  Rankine-Gordon  formula  the  deflection  of  the  column  is 
given  bv  the  expression 

fL' 


P=^fkAy  =  - 


d- 


'Ey 


(7) 


where  L  is  the  length  of  the  column,  E  Young's  modulus  of  elasticity,  and  /  the 
strength  to  tension  or  compression  for  the  material  when  these  strengths  are 
equal,  f<3r  materials  in  which  the  strength  to  compression  is  greater  than  the 
strength  to  tensi:in  the  value  of  /  is  put  equal  to  /, ,  the  strength  to  tension. 

The  relation  given  in  equation  7  is  the  same  as  that  derived  from  the 
theory  of  bending  for  a  beam  resting  on  two  supports  and  loaded  proportionally 
to  the  ordinates  of  a  sine  curve.  For  small  deflections  the  deflection  curve 
is  sinus<Mdal  a.nd  closely  approximates  to  the  parabola. 

Now  assume  the  deflection  curve  of  the  bent  column  shown  on  Fis;.  i  to  he 
a  parabola,  then 

fL-  ,       il- 


d 


^-Ey 


e  + 


tt'-Ex 


and 


(8) 


dy  _ey  , 


fl- 


p-        p-       Tr'Ep- 
where  c  is  the  eccentricity  of  loading  of  the  column  and  equal  to  the  distance 
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of  the   load  from   the   centre   of   the   ends   of   the   column.      Substituthig   from 
equation  8  in  equation  5  gives 

l+ey  ,     .y    ^  (9) 

p-      -T-Ep' 
which  is  the  form  of  the  Rankine-Gordon  formula,  modified  to  include  eccentric 
loading",  and  applies  to  those  materials  in  which  the  strengths  to  compression 
and  tension  are  equal. 

To  further  modify  the  above  formula  to  include  those  materials  in  which 
tlie  strengths  to  compression  and  tension  /^  and  /,  are  unequal,  multiply  equation 
S  by  /^  di\ided  ijy  /^   then 

fkdy_fkey,fkf 


ftp'     ft  l>'      -^-Ep- 
Substituting  from  equation    10  in  equation  6  gives 


I  +fkey 
ftp' 


^Efr 


(,o) 


(M) 


From  the  author's  experiments*  on  columns,  the  value  of  the  ratio  f^ 
divided  by  /,  is  approximately  3  for  cast  iron.  The  results  of  a  large  number 
of  experiments  on  columns  of  this  material  showed  that  the  formula  could  be 
relied  upon  to  determine  with  a  fair  degree  of  accuracy  the  strength  of  these 
columns  and  in  all  cases  erred  on  the  side  of  safety. 

The  application  of  the  formula  to  reinforced  concrete  will  now  be  con- 
sidered. On  Fig.  3  is  shown  a  short  reinforced  concrete  prism  under  a  direct 
compressive    stress.       Let    E^    and    E^     be    respectively    Young's    modulus    of 

elasticity  for  concrete  and  mild  steel.  Assume  when 
the  load  P  is  applied  to  the  prism  of  length  H  that 
the  decrease  in  the  length  h  is  the  same  for  both 
concrete  and  steel,  then  bv  Hooke's  law 


Pc 


P. 


E,A,     E,A. 


h 
H 


(.2) 


where  P^  and  P ^  are  respectively  the  loads  on  the 
concrete  and  steel  and  A-^  and  A^  the  areas  of  the 
cross-sections.  Consider  now  the  reinforced  con- 
crete prism  to  be  made  up  of  a  substance  in  which 
Fig.  3.  the   longitudinal    reinforcement    is    uniformly    distri- 

buted throughout  its  cross-section,  then  Young's  miodulus  of  elasMcity  E  and 
the  load  P  for  this  substance  would  be  given  by  the  relation 

P  Pc     _     P. 

EA 

(13) 


EcAc     E.A, 
Also  P^Pc  +  Ps  and  A  =Ac  +  As,  giving 
EcA,+  E,A. 


E  = 


A 
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Recent  experiments*  on  reinforced  concrete  columns  show  that  the  equal 
shortening-  of  the  concrete  and  steel  actually  takes  place  and  therefore  the  value 
obtained  for  E  is  closely  correct. 

Consider  now  the  strength  to  compression  of  the  reinforced  concrete  prism 
sliown  on  t'ig.  3.  Let  /^and  /,  be  respectively  the  strengths  to  compression 
of  liic  concrete  and  steel,  then 

P,=/cAcandP.=/,A., 

Let  P  =  P,-l-P,=/ftA,  where /ft  represents  the  strength  to  compression  of  the 
substance  made  up  of  the  concrete  and  steel,  and  A   the  area  of  its  cross-section, 

then  P  =  Pc  +  P.s-  =fkA  =f,A,+f..A.  and/,  J-A±-J^^  ( 1 4) 

A  similar  expression  to  that  already  obtained  for  E.  Experiments  also 
show  that  approximately  the  ratio 

•^  =^  =  a  constant. 
Ec     Es 

For  instance,   for  mild   steel  £,=  30000000  and  /,    about   60000,   and   for 

concrete  E^  =  1500000  and  /^  about  3000,  giving  a  value  of  the  constant  about 

T/500.      Assuming   the    above    relation   and    substituting    in    equations    13    and 

14  gives 

fu^fcA^+fAs^   1  /,-) 

E     E,A,  +  EsAs      500 

The  value  thus  obtained  for  the  constant  is  an  average  approximation ;  for 
any  particular  example  when  the  terms  in  equation  15  are  known  the  constant 
can   easily  be  determined. 

It  remains  now  to  evaluate  the  ratio  /;,  divided  by  /,  ;  for  reinforced 
concrete  beams  it  is  not  unusual  to  assume  that  the  concrete  does  not  transmit 
any  tensile  stress  :  this  gives  from  equation  14 

_,,=M.and^«=-i%±^-  (.6) 

A  ft  fsA, 

In  determining  the  ratio  between  the  areas  of  the  concrete  and  steel  for 

columns/cAc  is  made  approximately  equal  to  /sA.,,  giving  a  value  of  /*,  divided 
by  j f  of  about  2.  Reverting  now  to  the  formula  given  in  equation  1 1  with 
the  constants  as  determined  it  may  be  written 

p^         /cA,.+/.4, 

2-L9^y_|_   1     li,  '     ('") 

"p-'  5000  p- 
Tlie  formula  so  obtained  shows  that  the  strength  of  the  reinforced  concrete 
column  is  proportional  to  the  sum  of  the  strengths  of  the  longitudinal  steel  rein- 
forcement and  concrete.  For  any  particular  case  the  constants  can  be 
determined  as  already  shown ;  a  considerable  variation  in  the  proportions  of  the 
materials  makes  but  little  difference  in  the  values  of  these  constants.  In 
deriving  the  formula  it  is  assumed  that  the  radius  of  gyration  of  the  longitu- 
dinal steel  reinforcement  is  the  same  as  that  of  the  cross-section  of  the  concrete 
about  the  same  neutral  axis ;  the  design  of  the  column  always  involves  the  placing 

*  Proc.  Inst.C.E.,  1912. 
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of  the  steel  as  far  from  the  centre  of  the  column  as  practicable,  and  therefore  this 
condition  is  closely  fulfilled.  For  columns  in  which  spiral  steel  reinforcement 
is  used,  the  effect  of  the  reinforcement  is  only  to  be  considered  as  streng-thcning- 
the  concrete  to  resist  compression,  and  therefore  is  to  be  taken  into  considera- 
tion when  the  value  of  /^.  is  being-  evaluated ;  the  spiral  reinforcement  has  but 
little  or  no  effect  in  streng-thening-  the  column  against  bending. 

In  the  majority  of  reinforced  columns  the  length  of  the  column  divided  bv 
the  side  is  about  lo  to  16  and  the  value  of  the  length  divided  by  the  radius  of 
gyration  for  these  columns  is  about  30  to  50,  and  therefore  the  value  of  the 
third  term  in  the  denominator  of  the  formula  for  these  columns  is  about  i  to  h. 

In  using  the  formula  the  value  of  /,,  the  strength  to  compression  of  mild 
steel  should  be  taken  about  30,000  pounds  per  square  inch,  that  is  the  strength 
near  the  yield  point  of  the  material,  as  the  bond  between  the  concrete  and  steel 
cannot  be  assumed  to  liokl  beyond  this  value.  If  the  longitudinal  reinforce- 
ment is  not  parallel  to  tlie  axis  of  the  column — that  is,  if  it  is  at  all  bent  or 
buckled — a  still  lower  value  must  be  adopted. 

The  longitudinal  reinforcement  has  been  assumed  to  be  connected  to  the 
transverse  reinforcement ;  the  effect  of  this  transverse  reinforcement  and  the 
allowance  to  be  made  for  it  on  the  strength  of  the  column  has  been,  except  in 
the  case  of  the  r<pira]]y  wound  reinforcement,  neglected. 
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REINFORCED   CONCRETE 

RESERVOIRS       AT      MT. 

TABOR,     PORTLAND, 

OREGON. 


The  description  iii'i'cn  l^ioni)  of  livo  large  reinforcea  concrete  reservoirs  in  Portland, 
Oregon,  is  a  further  proof  of  the  suitability  of  this  method  of  construction  for  "works  of  this 
nature — such  as  resemoirs.  s'.orage  tanks,  ivater  toivers,  etc. — ED. 


Two  new  reinforced  concrete  reservoirs  and  a  new  steel  conduit  are  being  built 
at  Portland,  Oregon,  which,  when  completed,  will  triple  the  present  supply 
and  storage.  The  reservoirs  are  on  Mt.  Tabor,  near  the  eastern  limits  of  the 
city. 

The    upper   reservoir   has   an   oddlv    shaped   curved    rim,    2,100   ft.    long,    a 
water  surhice  of  6  acres,  a  maximum  depth  of  water  of   7,2  ft.,   and  a  capacity 
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Construction  joint  in  aciueduct. 
Reinforced  Concrete  Reservoirs  at  Mt.  Tabor,    Portland,  Oregon. 


of  50  million  gallons.  The  lower  reservoir,  107  ft.  below  the  upper  one,  is 
rectangular  in  shape,  has  a  water  surface  of  12  acres,  a  maximum  depth  of 
water  of  22  ft.,  and  a  capacity  of  75  million  gallons. 

The  general  character  of  the  work  is  the  same  on  both  reservoirs, 
varying  in  details.  Each  reservoir  is  on  sloping  ground,  a  part  of  the  excava- 
tion from  the  upper  side  forming  a  bank  at  the  lower  side,  and  the  basin  being 
lined  with  concrete. 
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Upper  Reservoir.  —  This  reservoir  is  in  a  natural  diaw,  and  a  dam,  con- 
sisting- of  a  vertical  reinforced  concrete  wall  backed  by  a  rolled  earth  embank- 
ment, was  built  across  the  mouth  of  this  draw.  This  wall  is  of  counterfort 
type,  360  ft.  long-,  with  a  maximum  height  of  6g  ft.,  of  which  32  ft.  is  below 
the  level  of  the  reservoir  floor.  The  g'ate  chamber  which  projects  into  the  basin 
from  the  face  of  the  dam,  ihe  pipe  conduit  under  the  rolled  embankment,  and 
the  aqueduct  support cd  on  the  counterforts  of  the  wall  arc  all  of  reinforced 
concrete  and  were  built  up  with  and  bonded  into  the  wall. 

In  the  desig-n  of  these  structures  500  lb.  per  sq.  in.  was  allowed  for  com- 
pression in  concrete  and  the  tensile  streng-th  of  same  A\'as  ig-nored.  16,000  lb. 
per  sq.  in.  was  allowed  as  the  tensile  strength  of  the  reinforcing'  steel.      Except 


Steel  in  place  for  one  section  of  division  wall. 
Reinforced  Concrete  Rksepvoirs  at  Mt.  Tabor,  Portland,  Oregon. 

in  the  aqueduct  the  area  of  reinforcement  was  '65  of  i  per  cent.  In  the 
aqueduct,  which  was  reinforced  for  both  external  and  internal  pressures,  the 
area  of  steel  was  about  i  per  cent.  Plain  round  bars  were  used  and  the 
ends   were  hooked   and   lapped   thirlv   diameters. 

For  economy  in  construction  one  vertical  joint  was  made  in  tlie  wall  and 
aqueduct.  In  the  wall  joint  extra  heavy  reinforcemicnt  was  carried  throug:h, 
and  half  of  a  12  in.  L  beam  embedded  in  each  side  of  the  joint.  In  the 
aqueduct  joint  extra  steel  was  carried  throug-h  and  a  strip  of  sheet  lead  bent 
in  the  form  of  a  channel  beam  with  a  wrinkle  in  the  flange  was  built  in  to 
insure  the  joint  against  leaks.  Xo  attempt  was  made  to  pour  continuously, 
the  usual  dovetailing-  and  g;routing-  being-  done  at  each   horizontal  joint. 

The  lining-  is  plain  concrete  9  in.  thick  on  the  bottom  and  tapered  to  '5  in. 
at  the  top  of  the  slope,  which  is  i  on  2.  It  is  built  in  slabs  15  ft.  by  20  ft. 
with  tarred  felt  and  asphalt  j(ants.  Each  joint  is  supported  by  a  concrete 
beam  S  in.  bv  6  in. 
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The  lop  of  the  slab  is  covered  with  one-half  inch  of  plaster,  applied 
before  concrete  has  its  initial  set.  The  plaster  is  floated  and  trowelled  smooth. 
Around  the  rim  is  a  concrete  parapet  which  will  support  an  ornamental  iron 
fence.  This  parapet  has  loui^iludinal  reinforcing;  steel  and  was  l)uilt  in 
sections  about  30  ft.    long-. 

Outside  the  parapet  is  a  concrete  walk  and  on  the  top  of  the  dam  a  drive- 
way will  form   a  part   of  the   park   system. 

The  sand  and  g-ra\  el  were  dredged  from  the  rivers  near  the  city,  and, 
together  with  all  other  supplies  and  machinery  were  delivered  at  the  works  by 
the   local   electric    railway   company.      All   gravel   would    pass   through    a    2-in. 


Work  in  course  of  construction. 
Rkinkorced  Concrete  Reservoirs  at  Mt.  Tabor,  Portland,  Ok 


screen  and  averaged  T)?  P^i"  cent,  voids.  The  voids  in  sand  averaged 
34  per  cent. 

The  proportions  of  mix  were  1:3:6  for  foundations  and  1:2:4  for  all 
other  concrete  with  i  :  2  for  plaster.  All  concrete  was  mixed  in  machine 
mixers   driven   by   electric   motors. 

During  iqio  tests  of  various  waterproofing  compounds  were  made. 
Samples  containing  some  of  the  patent  compounds  were  found  to  "be  water- 
proof, but  some  samples  of  plain  concrete  and  plaster  were  also  waterproof. 
The  result  of  these  tests  was  the  abandonment  of  any  waterproofing,  reliance 
being  placed  on  the  density  of  the  concrete  and  plaster  to  prevent  seepage. 
And  at  the  time  of  writing,  with  10  ft.  of  water  in  the  basin  it  is  absolutely 
tight.  Underdrains  discharging  into  a  sump  in  the  gate  chamber  allow  inspec- 
tion and  measurement  of  ground  water  and  seepage. 

After  the  forms  were  removed  all  water  surfaces  were  plastered.  The 
parapet  was  not  plastered,  but  extra  care  was  taken  with  the  forms,  which 
were  remo\ed  as  soon  as  the  concrete  would  stand,  usuallv  12  hours  after 
pouring.  After  forms  were  removed  the  concrete  surface  was  smoothed  with 
a  steel  trowel.  The  parapet,  as  well  as  all  other  exposed  concrete,  was  kept 
wet  for  a  week  after  pouring. 
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On  the  outside  of  the  gate-house  superstructure  joint  strips  in  the  forms 
marked  the  surface  into  rectangles,  and  in  pouring-  a  thin  coat  of  mortar  was 
plastered 

against         the        rht^fll8Kffk'!t^^B^'   ^^^"t 

forms    ahead    of 

the      concrete. 

These  forms 

were        removed 

one  month  after 

pouring  and  the 

surface  was  then 

tooled      with      a 

pneumatic     bush 

hammer. 

Lower  Re^ 
servoir.  — f  lii^ 
reservoir  is 
800  ft.  west  of 
and  107  ft.  below 
the  upper  reser- 
voir. Here  the 
basin  was  com- 
pleted by  build- 
ing a  rolled 
earth  embank- 
ment on  one 
side  and  one  end 
and  placing  the 
concrete  lining 
on  the  slope  of 
this  embank- 
ment. 

The  reser- 
voir is  divided 
into  two  basins 
by  a  reinforced 
concrete  division 
wall  and  has  an 
inlet  and  an  out- 
let gate  chamber 
with  pipes  in 
duplicate. 

The  division 
wall  is  of  cantilever  type,  with  expansion  joints  85  ft.  apart.      These  joints  are 
tongued  and  grooved  and  made  watertight  with  sheet  lead  and  asphalt.      The 
exterior  finish  of  the  concrete  is  similar  to  that  at  the  upper  reservoir. 

In  both  reservoirs  together  there  will  be  35,000  cubic  yards  concrete  and 
850,000  lbs.  of  reinforcing  steel. 

The  whole  of  this  work  was  designed  and  superintended  by  Mr.    Edwin  A. 
Tavlor,  of  Portland,   Oregon,   U.S.A. 
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RECENT    BRITISH   PATENTS 
RELATING    TO    CONCRETE. 

We  propose  to  present  at  intervals  pdrticuUrs  of  British  Patents  issued  in  connection 
•with  concrete  ani  reinforced  concrete.  These  particulars  hai'e  been  prepared  for  this 
Journal  by  Mr.  A.  W.  Farnsmiorth,  of  Strand  Chambers,  Derby.— ED. 


Column  Reinforcement. — Xn.  27,528/10. 
riioni.soii  cDuI  'riicni.siiii.  AcceplciJ  XuvcDilwr 
L)/ii. — This  is  a  modification  of  vlie  spiral  rein- 
forcement which  is  intended  to  avoid  the  use  of 
several  vertical  bars.  For  the  familiar  spiral 
are  substituted  a  series  of  steel  rings  which  are 
Linbedded  in  the  concrete  as  the  work  proceeds; 
they  are  laid  borizontallv  and  eccentrically 
about  a  single  central  steel  rod.  It  is  ex- 
plained by  the  inventors  that  this  disposition 
of  the  reinforcement  enables  the  rings  to  exert 
a  mutuallv  balancing  pull  to  resist  the  tendency 
of  the  concrete  to  bulge  laterally  under  an 
fxcessive  load.  It  is  claimed  that  the  stresses 
produced  in  the  rings  are  transmitted  through 
the  column  to  the  opposite  rings,  and  conse- 
Liuentlv  a  far  higher  resistance  is  obtained  than 
bv  the  ordii^arv  spiral  winding  rountl  a  central 
core. 


Reinforced  Concrete  Staircase.— No.  7,489/11.     Ma}inesman.     Accepted  October 


12/ 1 1. --The  inventor  ]jrop(ist.'s 
be  manufactured  at  a 
convenient  spot  and 
afterwards  erected 
bodily  in  the  building 
by  attachment  to  the 
respective  landings.  Re- 
ferring to  other  methods, 
he  states  that  consider- 
able difficulty  has  arisen 
when  staircases  have 
been  built  up  from  rcadv- 
made  treads  and  risers 
—  more  particularly 
whem  the  stringers  have 
to  be  Added  separately. 
It  is  also  sitated  that  the 
system  suggested  pos- 
sesses advantages  in  the 
case  of  spiral  staircases. 
.\li  bolts  for  securing 
the  banisters  and  the 
staircase  flights  them- 
selves are,  of  course, 
embeddi'd  in  the  concrete  durin 
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Fig4 


The  Attachment  of  Shear  Members. 

— No  23,435/10.  V .  G.  EijglioUn.  Accepted 
November  16/ 11. — The  invention  relates  to 
another  metliod  of  fixing  steel  stirrups  to 
the  main  reinforcement  so  that  they  may 
be  placed  in  position  during  erection  to 
suit  the  requirements  of  the  work.  It  is 
proposed  to  use  small  clips  (c)  bent  to  the 
contour  of  the  bar  (a)  and  adapted  to 
receive  the  stirrups  in  the  manner  shown 
by  the  dotted  lines  in  Fig.  i.  When  in 
this  position  the  ends  of  the  stirrups  are 
bent  upwards  thus,  w-ith  help  of  the  clips, 
making  an  attachment  by  gripping  the 
bars  they  encircle  together.  It  will  be 
readih'  understood  that  an  arrangement  of 
this  nature  enables  the  stirrups  to  be  fixed 
on  to  more  than  one  bar  at  once  if  it  is 
deemed  advisable. 


Another  F/ooring  System. — No.  11,-1-14/]  i.  ^' •  /•  ^^"--^'aiiu  Accepted  September 
28/11. — This  is  another  endeavour  to  lessen  the  cost  of  erection  for  reinforced  concrete 
floors  by  reducing  the  quantitv  of  the  centering  and  by  doing  away  with  the  necessitv 
of  forming  the  floor  in  position.  The  floor  designed  by  the  inventor  is  made  up  of 
hollow-concrete  blocks  which  may  be  cast  where  most  convenient,  and  when  com- 
pleted appear  as  shown   in  Fig.  3.     The  tops  of   the  blocks   are  smooth  and  finished, 


JiyS 


and  therefore  form  the  floor  surface,  whereas  it  is  stated  that,  in  other  systems  using 
similar  blocks,  only  the  core  for  the  floor  is  made,  and  it  is  afterwards  necessary  to 
form  a  surface  when  the  blocks  are  in  position.  Reference  to  Fig.  5  will  show  that 
the  blocks  are  made  with  projecting  flanges  which  come  together  and  thus  form 
boxes  for  the  main  and  cross  beams.  It  is  claimed  that  the  blocks  may  easily  be 
placed  in  position  and  the  beams  subsequently  formed  between  them,  thus  offering 
rapidity  of  construction  and  a  homogeneous  structure  when  completed. 
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Another  Steel  Bar. — Xo.  27,373/10.  G.  Hatton.  Accepted 
Xovonber  16/11. — The  illustration  shows  another  type  of  bar 
inlfiided  for  use  in  steel  reinforcement.  In  this  instance  the  bar  is 
rolled  with  lont^itudinal  projecting  ribs  throughout  its  whole  length 
and  is  afterwards  twisted.  The  process  transforms  the  straight  ribs 
into  spiral  projections.  At  intervals  the  ribs  may  be  connected  by 
cross  members  (6).  It  is  stated  that  bars  of  various  sections  may 
be  manufactured  on  these  lines,  but  the  inventor  prefers  the  square 
section  shown.  It  is  claimed  that  the  bar  ensures  a  much  better 
anchorage  in  the  concrete  than  can  be  obtained  with  other  types. 


A    PRECIS    OF    PATENT    SPECIFICATIONS. 


Mixing  Concrete. 


Xi 


20,149/10.  John  Wulstan  Tivinherrow. 
— -To  save  labour  in  mixing  con- 
crete for  use,  an  apparatus  is 
designed  for  attachment  to  a 
crane,  so  that  the  dry  materials 
may  be  put  in  the  hopper,  and 
during  the  process  of  carrying 
them  by  the  crane  to  the  spot 
where  the  concrete  is  required, 
they  are  mixed  with  water  and 
made  ready  for  dumping,  a  is 
the  hopper,  pivoted  at  its  bottom 
end  to  the  bracket  n  on  the 
crane  jib.  h  is  a  door  held  bv 
screw  c  and  link  f.  .\  water- 
tank  g  with  filler  h  is  at  the  top 
of  hopper,  i  being  the  communi- 
cating pipe  with  valve  j  to  the 
bottom  chamber,  p  are  members 
so  shaped  that  when  skip  is 
lowered  to  ground  they  alwavs 
cause  the  door  h  to  be  uppermost. 
The  dry  materials  in  the  proper 
proportions  are  filled  h,  water 
ri^.'C  is  put  in  at  g.  The  crane  then 
lifts  the  skip,  and  the  trunnions 
at  o  are  engaged.  By  raising 
and  lowering  the  chain  the 
materials  are  caused  to  roll  from 
one  end  of  the  skip  to  the  other, 
their  passage  being  broken  and 
mixture  caused  by  the  fast  bars 
h  across  the  interior.  Water  is 
then  added,  the  operation  con- 
tinued, and  the  concrete  is  then 
ready  for  dumping   in   situ. 
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Concrete  Piles.—  No.  22,695/10.  Moritz  Kahn. — With  the  object  of  introducing 
a  purely  concrete  pile  into  the  ground,  and  yet  being  able  to  first  drive  a  proper  hole 
by  ordinary  driving  methods,  the  inventor  has  designed  a  sharp-pointed  nose  to  fit 
a  hollow  steel  driving  pile,  which  can  be  detached  and  brought  to  the  surface  without 
disturbing  the  hollow  pile  until  this  has  been  filled  with  concrete,  when  it  can  be 
withdrawn.  This  gives  a  concrete  pile  with  a  very  blunt  end  as  generally  desired. 
Several  alternative  forms  of  construction  are  given.  The 
simplest  is  a  screwed  point  as  Figs,  i  and  2.  This  is 
screwed  into  the  lower  end  of  the  tube  to  be  driven,  and  is 
extracted  by  means  of  a  long  box  spanner  lowered  on  to 
the  square  e.  Fig.  11  shows  the  tube  then  left  in  the 
ground,  and  Fig.  12  the  concrete  pile  left  after  filling  the 
tube  and  then  withdrawing  it  in  the  usual  manner.  Figs.  5 
and  7  are  alternative  points  which  explain  themselves. 


Concrete  Reinforcement.  —  A'o.      14,915/11.  /  ^ 

Harry  August  Stockma)!. — The  inventor  states  ^>ss3^fc=sssss^?i 
that  in  lieu  of  employing  rods  or  bars  as  rein- 
forcement, singly  or  coupled  together  or  in 
parallel  with  stirrups,  etc.,  to  take  the  shearing 
stresses,  he  emplovs  two  sets  or  series  of  parallel 
rods  or  bars  in  different  planes  forming  tension 
and  compression  members  and  connected  by  in- 
clined truss  members,  also  employing  corre- 
sponding transverse  tension  and  compression 
members,  the  whole  forming  a  mat,  bolster,  or 
skeleton  wire  structure  of  the  required  length 
and  breadth  ;  thus  the  tensile  strength  of  rein- 
forced concrete  can,  weight  for  weight,  be  in- 
creased above  anything  possible  by  the  present 
methodsor  systems  of  reinforcing  by  the  fact  that 
the  steel  reinforcing  medium  is  better  distributed 
throughout  the  mass,  and  that  every  member 
is  carrying  its  share  or  proportionate  part  of 
the  total  load.  Hard-drawn  steel  wire  is  used, 
and  is  woven  as  Figs,  i  and  3.  The  main  ten- 
sional  members  are  double,  as  shown,  and  the 
connecting  ties,  etc.,  single  strands,  i  and  2 
represent  two  of  the  longitudinal  wires  of  the 
one  or  upper  set  or  series,   and  3  and  4  two  of 
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the  Iran.sverse  wires  of  the  same  set  or  series;  5  and  6  are  two  of  the  ion<4itudinai  wires 
of  the  other  or  lower  set  or  series,  and  7,  8,  and  9  are  three  of  the  transverse  wires  of 
the  lower  si-t  or  series.  Detailed  descriptions  are  given  in  the  specification  as  to 
methods  and  means  of  weaving  and  of  various  applications  and  forms  of  the  device. 

Concrete  Railway  Ties. —  No.  21,341/11.  William  Voorhees  La  Bau. — The  object 
of  this  iincntidii  is  Id  "  |)r()vid(>  a  railwa}-  tie'  composed  of  separate  blocks,  made  in 
the  manner  of  the  voiissoirs  of  an  arch,  whereby  ihe  concrete  is  placed  in  compression." 
The  inventor  states  :  "  My  invention  consists  in  forming  a  railway  tie  of  separate 
blocks  or  voussoirs,  the  contact  surfaces  of  the  central  voussoirs  being  in  planes  which 
converge  to  a  predetermined  point  above  the  tie,  while  the  contact  surfaces  of  the 
voussoirs   adjacer.t   to   the   cciilral    xoussoirs   are   in   planes   which   converge   to    a    pre- 


determined ])uint  below  the  tie,  said  last-named  voussoirs  serving  as  supports  for  the 
rails,  and  said  tie  being  also  provided  with  end  voussoirs  having  contact  surfaces 
which  correspond  with  the  contact  surfaces  of  the  adjacent  rail  supporting  voussoirs, 
whereby  the  concrete  of  the  tie  is  placed  in  compression  and  the  greatest  possible 
strength  secured,  the  separate  blocks  or  voussoirs  being  also  bound  together  by  longi- 
tudinal reinforcing  rods  which  pass  therethrough."  Fig.  i  shows  the  tie  or  sleeper, 
a  a  being  the  central  voussoirs,  b  h  the  rail  carrying  ones,  and  c  c  the  end  ones.  \A'ood 
blocks  d  d  are  provided  for  spiking  or  fastening  the  rails,  and  all  the  voussoirs  are  rein- 
forced with  metal,  similarlv  to  Figs.  4  and  5,  though  the  in\entor  does  not  confine 
himself  to  any  set   form  of  reinforcement. 

Column  Reiaforcement.— 
No.  11,513/11.  Lasira  and 
Others.  Accepted  Novem- 
ber 30/11. — The  invention  con- 
sists of  a  new  form  of  metal 
bracing  specially  adapted  to 
hold  the  vertical  reinforcing 
rods  in  position,  as  well  as  to 
facilitate  the  process  of  manu- 
facture and  render  it  possible 
to  make  such  columns  hollow. 
In  the  case  of  circular 
columns,  as  described  by  the 
inventors,  the  horizontal  ties 
consist  of  a  special  spacing 
ring  {Fig.  i)  combined  with 
internal  and  external  locking 
rings  {Fig.  2).  When  fitted 
together  {Fig.  3)  the  perfora- 
tions in  the  locking  rings  fit  over  the  projections  in  the  spacing  ring.  It  is  jjointed  out 
that  such  fittings  combined  with  the  vertical  bars  may  be  so  built  up  that  a  rigid 
skeleton  is  obtained.  When  the  columns  are  hollow  and  cast  in  moulds  prior  to 
erection  the  core  may  be  filled  with  a  wooden  mandril,  or  other  methods  may  be  used 
to  the  same  end 
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Concrete  Piles.— No.  679/11.  F.  W.  Campbell.  Accepted  January  10/12. — It  has 
been  found  expedient  in  some  cases  to  form  concrete  piles  in  the  ground  by  simply 
piercing  the  hole  and  afterwards  filling  it  in  with  concrete.  The  result  is  attained  bv 
first  driving  in  a  hollow  preparatory  pile  to  the  desired  depth  and  then  withdrawing  it. 
The  method  necessitates  the  adoption  of  a  comparatively  large  driving 
point  that  must  of  necessity  remain  in  the  earth.  Difficulties  have 
also  been  encountered  at  the  junction  between  the  point  and  the  tube, 
and  it  is  suggested  that  a  tapering  collar  {h)  should  be  adopted  here. 
The  collar  is  attached  to  the  tube,  and  on  account  of  its  increased 
diameter  it  clears  a  passage  for  the  rest  of  the  pile.  During  the  pro- 
cess of  withdrawal  the  collar  presses  back  the  surrounding  soil,  and 
thus  prepares  the  ground  for  the  reception  of  the  concrete.  Such  a 
device  does  away  with  the  large  point  which  is  required  to  prepare  a 
free  passage  for  the  tube,  and  consequently  a  smaller  point  may  be 
adopted  and  some  economy  obtained  in  the  metal  remaining  at  the 
bottoms  of  the  openings. 

Improved  Centering. —  No.  16,763. 
Reicliart  Manufacturing  Co.  Accepted 
December  14/11. — This  invention  is  an 
attempt  to  reduce  the  expense  of  wooden 
moulds,  etc.,  used  in  making  concrete 
floors,  beams,  etc.  The  patentee  proposes 
to  use  steel  plates  and  adjustable  support- 
ing columns,  which  can  be  easily  taken 
down  and  used  over  again.  Referring  to 
the  drawing,  20  is  a  piece  of  pipe  forming 
the  body  of  the  column,  21  is  a  loose  base 
with  a  projecting  piece  22,  over  which 
the  pipe  slips;  19  is  a  nut  provided  with 
turning  lugs  and  machined  to  fit  inside 
and  on  the  end  of  the  pipe  ;  16  is  the  screw 
engaging  with  the  nut  and  carrying  a 
head  slotted  to  receive  a  rail  or  other  sup- 
porting piece  for  holding  up  floors,  etc.  ;  the  end  of  the  screw  which  is  inside  the  pipe 
is  provided  with  a  shoulder  23,  which  helps  to  steady  the  arrangement  and  strengthen 
the  column.  The  method  of  using  the  steel  plates'  and  joining'  them  with  clamping 
hooks  is  clear  from  the  drawing.  The  only  point  calling  for 'remark  is  the  special 
corner  pieces  provided  and  shown  at  24  and  25. 
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TESTING  OF  CEMENTS 

BY     LE     CHATELIER^S 

METHOD. 


By  R.  FERET. 


An  important  communication  'was  made  tv  M.  R.  Feret  to  the  French  and  Belgian 
Members  of  the  International  Association  for  Testing  Materials  at  their  meeting  on 
January  20,  I'^U.     The  following  is  a  somewhat  shortened  translation.— ED. 


After  having  g-iven  an  historical  and  analytical  sketch  of  the  way  in  which  the 
Le  Chatelier's  boiling  method  has  been  adopted  as  the  standard  test  for  the 
soundness  of  cements  by  the  International  Association  for  Testing  Materials,  the 
author  explains  that  objections  have  since  been  raised,  chiefly  by  the  German 
representatives,  and  a  proposal  will  probably  be  made  against  its  use  at  the 
coming  Congress  in  New  \ork. 

The  German  manufacturers  of  Portland  cement  maintain  that,  in  experi- 
ments made  in  different  laboratories,  the  same  cement  has  gi\en  expansions 
with  the  Le  Chatelier  test  varying  from  3-5  to  37  mm.,  whilst  it  has  failed  to 
condemn  some  cements  which  swell  when  tested  by  the  usual  German  test,  that 
of  keeping  pats  of  cement  for  four  weeks  in  cold  water.  Objections  have  also 
been  raised  in  other  quarters,  particularly  by  Mr.  Butler  before  the  Concrete 
Institute    on    March    17th,     1910. 

The  first  objection  brought  forward  relates  to  the  lack  of  agreement  of  the 
results  obtained.  It  must  be  remembered,  however,  that  the  various  official 
prescriptions  have  not  always  been  identical.  The  original  rules,  formulated  by 
the  French  Commission  for  the  Unification  of  Testing  Methods  on  the  basis  of 
M.  Le  Chatelier's  report,  were  as  follows  : — "  The  cylindrical  test-pieces  are 
to  be  3  cm.  diameter  and  3  cm.  high,  moulded  in  metal  cylinders  o'5  mm. 
thick,  split  along  a  generatrix  and  carrying,  soldered  at  the  two  edges  of  the 
slit,  two  needles  15  cm.  in  length;  the  increase  of  separation  of  the  points  of 
these  needles  is  a  measure  of  the  expansion.  The  moulds,  as  soon  as  filled, 
are  immersed  in  cold  water.  When  completely  set,  and  not  more  than  twenty- 
four  hours  after  setting,  the  temperature  of  the  water  is  raised  progressively 
to  100°  in  the  course  ot  from  a  quarter  to  half  an  hour.  The  temperature  of 
100°  is  kept  constant  for  six  consecutive  hours,  and  the  whole  is  cooled  before 
making  the  final  measurements." 

These  rules  were  first  enforced  in  1902  in  the  specification  of  the  Ministry 
of  Public  Works,  but  modified  in  certain  points.  Thus  the  moulds  were  speci- 
fied to  be  of  brass,  the  preliminary  hardening  was  to  take  place  in  moist  air 
and  not  in  cold  water,  and  the  period  in  boiling  w^ater  was  reduced  to  three 
hours.  Lastly,  whilst  the  ministerial  instructions  conserve  the  old  rule  concerning 
the  time  of  preliminary  hardening,  the  specification  fixed  a  constant  period  of 
twenty-four  hours  for  cements  and  forty-eight  hours  for  limes.  This  dilTerence 
was,  however,  only  apparent,  since  the  specification  imposed  a  maximum  final  set 
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of  twelve  hours  for  cements  and  thirty  hours  for  hmes,  leaving  an  interval  of 
less  than  twenty-four  hours  before  applying  heat.  Further,  each  specification 
fixed  a  limit  to  the  permissible  expansion  in  each  class  of  material. 

The  rules  of  the  French  military  Corps  of  Engineers  differ  from  those  of 
the  initial  Com.mission  for  the  Unification  only  in  as  much  as  they  prescribe  that, 
during  the  moulding  and  preliminary  hardening,  the  two  edges  of  the  slit  must 
be  held  together  by  means  of  a  metal  ring,  31  mm.  wide. 

The  British  standard  specification  fixes  the  hardening  period  at  twenty- 
four  hours,  and  gives  further  details  as  to  filling  the  moulds.  These  are  to 
be  placed  on  a  sheet  of  glass  and  filled  with  the  gauged  cement,  whilst  the 
two  edges  of  the  slit  are  gently  held  together.  The  mould  is  then  covered 
with  another  sheet  of  glass,  on  which  a  small  weight  is  placed,  and  it  is 
immersed  in  cold  water  for  twenty-four  hours  before  making  the  hot  test. 
The  prescription  is  also  made  that  the  samples  must  be  tested  after  twenty-four 
hours'  and  after  seven  days'  aeration. 

The  rules  proposed  in  Mr.  Blount's  report  to  the  Copenhagen  Congress  are 
identical  with  the  latter,  except  for  an  addition  made — that  anything  used 
to  hold  the  edges  of  the  mould  together  during  setting  must  be  removed  after 
twenty-four  hours,  before  measuring  the  initial  distance  between  the  points 
of  the  needles.  It  was  also  agreed  by  the  special  Commission  of  the  International 
Association  to  omit  the  permissible  limits  for  cements  in  different  states  of 
aeration,  since  this  Association  has  only  to  fix  the  methods  of  testing,  leaving 
each  authority  free  to  indicate  the  state  in  which  products  are  to  be  examined 
and  the  limits  to  be  allowed.  The  French  edition  of  the  Congress  report  contains 
the  further  instruction  that  the  ends  of  the  needles  are  to  be  held  in  contact 
during  the  filling  of  the  mould.  This  provision,  which  is  undesirable,  appears 
to  be  due  simply  to  a  mistranslation. 

The  principal  diiierences  between  the  specifications  thus  relate  to  the 
conditions  of  hardening  between  gauging  and  boiling.  It  is  not  clear  why 
the  French  specification  of  1902  provided  for  hardening  in  moist  air,  M.  Le 
Chatelier  having  shown  that  imm.ersion  was  preferable.  The  English  recom- 
mendation to  close  the  cylinder  by  glass  plates,  also  advised  by  M.  Le  Chatelier, 
Is  excellent,  and  should  be  retained.  The  question  as  to  the  period  of  harden- 
ing needs  closer  examination.  It  would  be  inconvenient  to  make  the  time 
of  hardening  dependent  on  that  of  setting,  \\'hich  is  itself  very  ill-defined ; 
but,  on  the  other  hand,  the  imposition  of  a  uniform  time  for  all  materials  would 
favour  those  which  are  quick-setting  as  against  those  which  set  slowly,  for 
it  is  found  that,  for  the  same  mortar,  the  expansion  is  less  the  longer  the  time 
allowed  for  hardening-.  This  explains  the  differences  of  expansion  sometimes 
observed  when  the  setting  time  is  modified,  for  instance,  by  varying  the  fineness 
of  grinding  or  the  proportion  of  water  used  in  gauging.  It  will  probably  be  well 
to  abandon  the  prescription  of  a  fixed  time,  and  to  find  some  practical  means  of 
proportioning  the  time  to  the  setting  time  of  each  sample.  As  to  the  various 
artifices  proposed  for  hastening  the  hardening,  they  have  the  disadvantage 
of  departing  too  widely  from  actual  working  conditions,  and  thus  rendering 
the  conclusions  of  the  test  suspect. 

It   should   not   be   dirficult  to   reach   an   agreement   as   to   whether   the   hot 
test    should    last    three   or    six    hours.      The    British    provision    with    regard    to 
aeration  introduces  a  source  of  error,   as  the  aeration  might  take  place  under 
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widely  different  conditions.  Ai^recmcnt  has  already  been  reached  as  to  the 
other  factors  affectinj4    the   result. 

There  are  certain  errors,  however,  which  are  to  be  atlrit)uled  entirt-lv  to 
the  want  of  care  or  reflection  of  the  operators,  and  which  cannot  be  provided  for 
or  stati'd  in  the  specifications.  Thus  it  sometimes  happens  that,  owing  to  the 
excessive  curvature  of  tlu'  brass  sheet  forming  the  mould,  the  t\\(j  edges  of 
the  slit  press  on  one  anotlier;  some  operators  even  arrange  this  intention- 
all}  in  order  to  prexcnt  the  escape  of  mortar  from  the  slit.  Evidently  a 
certain  amount  of  expansion  must  take  place  before  this  pressure  is  relieved, 
and  the  final  expansion  measured  is  less  than  it  should  be.  Also  it  may 
happen  tliat  the  needles  touch  and  press  on  one  anothei  at  some  point,  with 
similar  ri'sults.  It  is  exident  that  this  test,  like  all  others,  must  be  performed 
intelligent  1}'. 

Some  laboratories,  on  the  other  hand,  employ  insuHiciently  curved  moulds, 
the  edges  of  which  have  to  be  held  together  during  filling.  In  the  course  of 
the  test  the  mould  may  part  from  the  test-piece  and  so  cause  an  increased 
separation  of  the  needles.  This  separation  may  also  occur  during  cooling, 
on  account  of  the  unequal  contraction  of  brass  and  cement,  and  can  then  be 
detected  by  measurements  before  and  after  cooling. 

The  moulds  should  preferably  have  such  a  curvature  that  the  edges  of 
the  slit  are  just  in  contact,  or,  better,  exert  a  slight  pressure  which  will  just 
be  overcome  by  the  weight  of  the  mortar  and  of  the  weighted  plate  placed 
on  it.  It  seems  preferable  not  to  fasten  the  moulds  in  any  way.  The  escape  of 
a  little  mortar  from  the  slit  is  immaterial,  as  such  ridges  are  easily  removed 
after  hardening. 

Another  error  lies  in  the  mode  of  fixing  the  needles  to  the  cylinder.  Most 
manufacturers  bend  the  lower  ends  of  the  needles  into  arcs,  which  are  soldered 
to  the  cylinder  in  the  plane  of  the  median  section,  thus  forming  a  stiffening  rib. 
This  is  avoided  if  the  bent  ends  are  soldered  along  the  edges  of  the  slit. 
Table  I.  contains  some  experiments  to  determine  the  influence  of  such 
stiffening  ribs,  and  it  also  shows  the  influence  of  the  time  of  boiling. 

Table  I. 

A.  Three  similar  moulds,  having  the  bases  of  the  needles  soldered  along  the  edges  of  the  slit. 

B.  Mould  with  the  needles  bent  and  soldered  in  the  median  plane,  forming  two  arcs  15  mm.  long. 

C.  Mould  with  the  soldered  arcs  30  mm.  long. 

C^.  Mould  similar  to  the  last,  except  that  the  thickness  of  brass  is  1  mm.  instead  of  i  mm.,  as  in  the 
others. 


Time  of 

Expansion. 

Material. 

Boiling 
in  Hours. 

Moulds  A. 

Mould  B. 

Mould  C. 

Mould  C^ 

Portland  Cement 

5 

2,     3.  3-5 

2-5 

2 

>           1 

Undeiburnt  Cement   ... 

2 

61,  65,  69 

58 

59 

35 

Hydraulic  Lime 

6 

3-5,  4-5,    5 

3 

3 

1 

Roman  Cement 

2 

25 

23 

21-5 

10 

Cement. 

Lime. 

95 

5 

6 

3,     3,     3 

3 

3 

1 

Mixtures  of  a  good  Port- 
land   Cement   and  a 
bad  Hydraulic  Lime 

90 
85 

10 

15   „ 

(        5 

(         1 

7,     7,     8 
10,  11,  12 
10,   11,   12 
14,   15,  16 
24,  24,  24 

6-5 
9-5 
10 
13 
21 

6-5 
9 
9 

14 
21 

4 

5 
5-5 

7 
10 

75 

25 

i 

28,  29,  33 

30 

22 

12 

E 
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It  will  be  seen  that  the  influence  of  the  ribs  is  distinct,  althoug-h  not  large. 
The  thicker  mould  gives  considerably  lower  results.  I'he  expansion  of  the 
90  :  10  mixture  is  the  same  after  five  hours'  as  after  two  hours'  boiling,  which 
would  suggest  that  the  test  period  of  three  hours  is  better  than  six  hours,  but 
the  results  would  probably  be  dili'erent  with  a  cement  the  expansion  of  which 
was   due   to   magnesia. 

Interesting  experiments,  shown  in  Table  II.,  were  made  by  Mr.  Butler, 
using  one  and  the  same  cement  kept  out  of  contact  with  air.  Moulds  of 
various  kinds  were  used,  and  the  experiments  were  repeated,  at  intervals  of 
two  days,  by  three  operators,  two  of  whom  had  made  thousands  of  tests  in 
the  course  of  some  years,  whilst  the  third  was  a  novice. 

Table  II. 


Number 
of 

Nature  of  Moulds. 

- 

Expansion. 

I  Separation  of 

Needles  in 

mm.  under  a 

Moulds. 

Operator  1. 

Operator  2. 

weight  ot 
Operator  3.              2  lb. 

1 
5 

6 
I 

New  Nickel  Mould         

New  Brass  Moulds  of  different 

makes 

Used  Brass  Moulds       

Special  Mould  of  Thin  Brass... 

5 

6-7-5 
8-5-11 

8 

2-5 

4-5-5 

4-6 

3 

2-5            '              2 

4-5-5                11-5-13-5 
6-7-5          ;         20-27 
8-5                        >40 

The  expansions  obtained  by  the  first  operator  are  much  greater  than 
those  obtained  by  the  others,  but  the  tests  were  made  tvv'o  days  earlier,  and 
the  cement  may  have  lost  some  of  its  expansive  power,  although  stored  in  a 
closed  vessel.  They  should  have  been  checked  by  tests  at  a  later  period. 
As  for  the  second  and  third  operators,  their  agreement,  at  least  with  new 
moulds,  is  excellent,  in  spite  of  their  difference  in  skill.  Taking  the  expansions 
observed  by  any  ojie  operator,  it  will  be  seen  that  they  follow  an  increasing 
order  as  arranged  in  the  table.  Mr.  Butler  measured  the  flexibility  of  the 
moulds  by  threading  them  on  a  sleeve  moving  on  a  horizontal  rod,  so  that  the 
diameter  passing  through  the  slit  is  horizontal ;  a  load  is  then  applied  by 
means  of  a  stirrup,  also  contained  in  a  loose  sleeve.  The  results  show  that 
the  expansions  observed  are  always  greatest  in  the  most  flexible  moulds. 

M.  Heyn  has  expressed  the  opinion  that  unequal  internal  stresses  may 
arise  during  the  working  of  the  metal,  and  may  alter  after  many  tests,  especially 
in  contact  with  boiling  water  containing  lime.  This  would  account  for  the 
differences  in  flexibility  between  old  and  new  moulds.  In  any  case,  the  flexi- 
bility of  the  mould  influences  the  results  in  a  way  that  cannot  be  exactly 
defined,  and  it  would  perhaps  be  well  to  specify  that,  in  cases  of  dispute, 
tests  should  be  made  with  moulds  stamped  bv  an  ofiicial  laboratory  as  the 
result  of  flexibility  tests. 

The  elasticity  of  the  mould  and  the  time  of  hardening  are,  then,  the  t^Vo 
principal  conditions  which  need  to  be  better  defined  in  the  official  rules  for  the 
test,  but  it  is  unlikely  that  the  enormous  deviations  found  in  some  experiments  are 
to  be  attributed  only  to  these  factors.  They  are  more  probably  due  to  differences 
in  the  initial  state  of  the  cements  and  the  processes  of  aeration  to  which  they 
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have  been  subjected,  or  to  carelessness  of  the  kind  just  alluded  to,  which, 
although  easily  avoided  by  care  and  reflection,  is  quite  natural  on  the  part 
of  workers  untrained  in  tests  of  the  kind.  We  cannot  expect  to  obtain 
absolutely  concordant  results,  any  more  than  in  other  tests;  but  the  extreme 
simplicitv  of  the  process  suggests  that  it  should  be  possible,  by  fixing  the 
manner  of  operation  very  precisely,  to  reduce  the  errors  of  experiment  to  a 
minimum. 

The  author  intends  to  make  a  further  communication  relative  to  the  extent 
to  which  the  indications  of  the  Le  Chatelier  test  really  correspond  with  real 
differences  in  the  properties  of  hydraulic  products. 

In  a  communication  presented  at  the  same  meeting,  M.  Bied  has  shown 
that  an  unsound  cement  may  lose  its  expansive  properties  even  when  stored 
in  a  sealed  case.  The  German  samples,  although  sent  out  in  sealed  boxes, 
may  therefore  have  undergone  changes,  which  may  account  for  the  divergences 
observed. 
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REINFORCED  CONCRETE  IN  THE 
CONSTRUCTION    OF    THE   RAIL. 


WAY  STATION,  CANTON,  CHINA. 


The  following  account  of  the  advance  luhich  reinforced  concrete  is  making  in  the  Far 
East  will  be  particularly  interesting  at  the' present  moment,  and  nue  fully  expect  that  this 
method  of  construction  ■will  increase  in  favour  ■with  architects  and  engineers  in  China. — ED. 


Canton,  China,  possesses  a  modern,  well-built  and  fully  equipped  railway 
station,  built  of  reinforced  concrete,  which  reflects  much  credit  upon  the  Chinese 
Manag-ing-  Director  of  the  Canton-Kowloon  Railway,  Mr.  Wei  Han,  who  in 
igog  commissioned  Messrs.  Purnell  &  Paget,  architects  and  eng'ineers,  of 
Canton,  China,  to  carry  out  the  design  and  construction  of  a  building  in  these 
materials,  which  was  a  radical  departure  in  Chinese  methods  of  construction. 
The  foundation-stone  for  this  building  was  laid  on  .April  7th,  1909,  in  the 
presence  of  a  distinguished  gathering  of  representative  foreign  and  Chinese 
officials  from  Canton  and  Hong-Kong. 

The  main  portion  of  the  building,  two  storeys  in  height,  is  172  ft.  long 
and  54  ft.  wide,  the  height  of  the  main  cornice  being  38  ft.  from  the  ground. 
Service  rooms  on  the  roof  give  a  total  height  of  48  ft. 
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Railway  Station,  Canton,  China. 
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REINFORCED  CONCRETE  RAILWAY  TERMINAL. 


On  the  g;round  floor 
the  central  feature  is  the 
main  concourse,  40  ft. 
wide,  giving  access  to  a 
spacious  platform  lead- 
ing to  the  train  shed. 
The  booking  and  tele- 
graph offices  are  ar- 
ranged on  one  side  of 
the  concourse,  while  the 
Station  Master's  office  is 
accessible  from  the  other 
side. 

The  ground  floor 
also  contains  accommo- 
dation for  Traffic  De- 
p  a  r  t  m  e  n  t,  Parcels' 
Offices,  R  e  f  r  e  s  hment 
Rooms  and  Waiting 
Rooms  for  first,  second, 
and  third  classes,  women 
and  officials. 

The  first  floor  is 
allotted  to  the  various 
departments  of  the  rail- 
way. The  Chinese 
Director's  room,  the  En- 
gineer-in-Chief,  with  his 
staft"  of  assistant  en- 
gineers and  draughts 
men,  and  the  Accoun- 
tant's departments 
uccupv  this  entire  floor. 

The  service  rooms 
are  on  the  roof,  with  the 
dining  room,  lavatories, 
kitchen,     etc.,     for     the 

staff. 

The  building  is 
thoroughly  fire  -  proof, 
being  constructed  in 
brick  and  concrete.  The 
walls  are  built  of  local 
brick,  the  exterior  being 
faced  with  red  pressed 
brick      from      the      new 
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The  two  main  staircases  are  also  of  reinforced  concrete,   with  local  orna 
mental  wroug-ht-iron  balustrading-  and  tiled  treads.      The  central   stair  leading 


Staircase  and  Cantilever  Gallery. 
Railway  Station,  Cantos,  China. 

to  the  roof  is  of  wroug-ht  iron.      The  joinery  and  interior  wood  finish  is  entirely 
of  Burmese  teak.  281 
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All  floors  are  tiled  throiii^'^hout  with  cement  tile,  except  the  lavatories  and 
entrance  halls,  which  are  of  imported  tesselated  tile.  The  concourse  and  train 
platform  are  tiled  with  ribbed  vitrified  tile  of  local  manufacture.  The  results 
obtained   for   the   traffic   for   which    these   floors   are   made    is   particularly    satis- 


factorv.      These   tiles   afford   a    hard,    smooth-wearing-    surface,    durable,    easily 
kept  clean,  and  affording-  an  excellent  purchase  for  the  feet. 

The  design  of  the  facade  is  the  Roman  doric  order,   which  is  in  keeping 
with  the  distinctive  purpose  of  an  important  railway  terminus. 
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The  design  and  execution  of  the  work  was  done  under  the  direct  super- 
vision of  the  architects,  Messrs.  Purnell  &  Paget.  Credit  is  due  to  Messrs. 
Frank  Grove,  M.Inst.C.E.,  Engineer-in-Chief  of  the  Canton-Kowloon  Rail- 
wav,  and  \\\  G.  Moore,  District  Engineer,  Canton-Kowloon  Railway,  for  the 
successful  results  of  the  architects'  design.  Mr.  R.  Claude  G.  Ogilby,  repre- 
senting the  architects,  was  in  direct  charge  of  the  work. 

The  building  has  been  in  use  since  the  opening  of  the  first  section  on 
December  5th,  1910,  and  more  fully  since  the  formal  opening  of  the  entire  line 
— some  ninety  miles — from  Canton  to  Hong-Kong  on  October  4th,    191 1. 

The  Canton-Kowloon  Railway  will  eventually  form  a  connecting  link 
with  the  Canton-Hankow  Railwav,  now  in  course  of  construction,  which  upon 
completion  will  give  through  traffic  from  Hong-Kong  to  Paris,  via  Peking  and 
the   Trans-Siberian    Railwav. 
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-^iS^   WALL  PRACTICE  IN  THE 


CITY  OF  PITTSBURGH. 


By    CHAS.     M.     REPPERT,    C.E. 

Division  Engineer,  Rtireaii  of  Construction, 
D.  P.  W..  City  of  Pittsburgh. 

The  folio-wing  particulars  of  recent  retaining  ivall  practice  in  the  City  of  Pittsburgh, 
U.S.A.,  -were  presented  before  the  Structural  Section  of  The  Engineers'  Society  of  Western 
Pennsylvania  and  tvere  included  in  that  Society's  Proceedings. ^ED. 


Introduction. — It  is  proposed  to  describe  some  of  the  retaining  walls  recently 
constructed  bv  the  Department  of  Public  Works,  Bureau  of  Construction,  of  the  City 
of  Pittsburgh,  to  review  the  methods  used  in  their  design  and  the  assumptions  upon 
which  the  designs  were  based.  Until  recently  it  has  been  the  practice  to  construct 
these  walls  of  masonrj'  and  plain  concrete.  Such  walls  maj^  be  described  as  gravity 
walls  to  distinguish  them  from  the  reinforced  concrete  walls  whose  strength  to  a 
much  greater  extent  depends  upon  the  internal  strength  of  the  structure. 

During  recent  years  the  construction  of  walls  of  reinforced  concrete  has  been 
resorted  to.  The  stability  of  walls  of  this  character  depends  upon  the  weight  of  the 
masonry,  the  weight  of  the  superimposed  earth  resting  on  the  back  and  heel  of  the 
wall,  and  the  internal  strength  of  the  structure.  In  some  designs  the  frictional  resist- 
ance of  the  earth  prism  resting  on  the  heel  of  the  wall  has  been  introduced  as  a  force 
resisting  overturning.  Since,  under  certain  conditions,  the  wall  may  fail  without 
bringing  this  force  into  action,  the  writer  is  of  the  opinion  that  sufficient  reliance 
cannot  be  placed  on  its  action,  and  the  frictional  resistance  has  therefore  been 
disregarded. 

Comparing  this  new  type  of  wall  with  the  old  gra\ity  type,  the  quantity  of 
concrete  is  much  less,  but  the  cost  per  unit  is  greater.  The  foundations  of  the  rein- 
forced walls  need  not  be  carried  to  so  great  a  depth  since  the  foundations  can  be 
spread  and  the  unit  base  pressure  reduced.  In  municipal  practice  in  this  City,  how- 
ever, it  is  not  possible,  ordinarily,  to  extend  the  toe  bevond  the  face  of  the  wall  since 
the  structure  must  be  within  the  street  lines,  and  for  this  reason  the  economical 
design  of  walls  is  limited. 

Further  comparing  the  reinforced  type  of  wall  with  a  gravity  wall  and  .assuming 
that  in  each  instance  the  resultant  of  the  pressure  cuts  the  middle  third,  the  ordinary 
requirement  for  the  gravity  wall,  the  reinforced  wall  will  possess  a  much  greater 
factor  of  safety  on  account  of  its  ability  to  resist  internal  strains  and  consequently 
to  resist  pressures  that  cause  the  resultant  to  cut  the  base  outside  of  the  middle  third. 

METHOD    OF    DESIGN,    EARTH    PRESSURE. 
Notation.- — The  notation  and  formulae  for  earth  pressure  used  in  this  paper  are 
given  in  the  following  list.      (See  Figs,  i  and  2.) 
G  =  Weight  of  wall  and  earth. 
/;  =  Height  of  wall, 
6  =  Base,  ,., 

Il-y    I Sm  (j) 


P= Normal  thrust  = 
^  =  Angle  of  repose, 
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7  =  Weight  of  earth  fiUing, 

^=  Equivalent  fluid  pressure, 

P=Normal  thrust=iph- 

Mr=?kIoment  of  resistance  to  overturning  for  wall  and  superimposed  earth  =  CTa 

Mj  =  Overturning  moment  of  thrust  for  Normal  thrust  ■\It  =  |ph-^ 

Mg  =  Moment  of  stability  of  wall  =  .!/,. — M^, 

C  =  Compression  at  toe. 

Ky 
Q'  =  Thrust  developed  by  tipping  of  earth  wedge= — h 

g  =  Thrust  developed  by  sliding  of  earth  wedge  =  -  Jry 


=  Thrust  ncccssarv  for  overturning  ^  h  from  base. 
: Thrust  necessarv  for  overturning  'f  h  from  base. 

for  the  determination   of  the   lateral  thrusts  is  in  the   form 


U'-- 
U  = 

The  formula  used 

P=ih'^}ZI^'^,  in  which  P  is  the  total  normal  lateral  thrust,  7  is  the  weight  of  the 
"     i+sin<?!» 

material  per  unit,  //  is  the  height,  and  ^  is  the  angle  of  repose  for  the  material. 
This  formula,  which  is  commonly  known  as  Rankines  formula,  is  based  on  the 
assumption  that  the  earth  is  a  granular  mass  without  cohesion  and  applies  to  walls 
where  the  surface  of  the  fiUing  behind  the  wall  is  horizontal.  The  lateral  pressure 
thus  developed  is  termed  the  normal  thrust  to  distinguish  the  pressures  determined 
in  this  way  from  those  determined  by  the  other  formulas  applied  for  different  load- 
ings. The  point  of  application  of  the  normal  thrust  is  one-third  the  height  of  the  wall 
from  the  base,  and  only  the  horizontal  component  of  the  resultant  is  considered,  the 
friction  being  neglected. 

Briefly  reviewing  the  subject  of  earth  pressures  it  is  obvious  that  the  pressures 
to  be  pro\ided  for  and  their  points  of  application  will  vary  with  the  character  of  the 
materials  and  with  the  conditions  existing.  Where  possible,  test  pits  should  be  sunk, 
particularly  where  the  wall  is  to  retain  an  old  fill.  The  character  of  the  fill,  however, 
is  seldom  dcfinitelv  known  in  advance  of  the  construction,  so  that  too  much  reliance 


]^_ 


Fig.  1.     Illustration  of  forces 
acting  and  base  reactions. 


Fig. 


Graphic  illustration  of 
earth  pressures. 


Design  of  Retaining  Walls. 


should  not  be  placed  in  any  formula.  Where  walls  are  constructed  to  retain  clay  fills, 
placed  on  inclined  or  impervious  slopes,  it  would  appear  to  be  good  practice  to  make 
provision  for  possible  slipping  or  tendency  of  the  fill  to  slip.     The  writer  believes 
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that  as  the  fill  settles  and  becomes  compacted  that  these  pressures  will  decrease, 
hence  high  unit  stresses  have  been  allowed  under  some  conditions.  Under  what 
may  be  considered  the  working  loads  the  stresses  have  been  held  at  fairly  low  values 
to  provide  for  possible  increases  in  the  loading,  and  on  account  of  the  fact  that  this 
type  of  construction  is  comparatively  new.   ■ 

DESIGN     OF    REINFORCED    CONCRETE    WALLS. 

In  designing  reinforced  walls  it  is  frequently  of  considerable  assistance  to  com- 
pare the  resistance  of  the  proposed  design  with  a  gravity  wall  of  given  base  in  terms 
of  the  height.  This  comparison  is  particularly  valuable  when  gravity  walls  have 
been  built  in  the  locality  where  it  is  proposed  to  construct  the  reinforced  wall.  Having 
decided  upon  the  value  of  the  equivalent  fluid  pressure  under  the  thrusts  developed 
by  which  the  resultant  is  to  cut  the  middle  third  of  the  wall,  the  overturning  moment 
may  be  equated  about  the  toe  of  the  wall  with  the  approximate  weight  of  the  proposed 
wall,  the  width  of  base  being  variable.  In  this  manner  the  width  of  base  of  a  rein- 
forced wall  can  be  determined,  having  the  same  resistance  under  the  normal  thrust 
as  the  gravity  wall  with  which  it  is  compared. 

Under  loads  exceeding  the  normal  thrust  the  reinforced  wall  will  have  a  much 
greater  factor  of  safety  owing  to  the  ability  of  the  structure  to  take  tension.  The 
stresses  in  the  steel  can  be  proportioned  according  to  conditions  so  as  to  withstand 
much  greater  thrusts  than  could  be  resisted  by  the  gravity  wall.  The  stress  in  the 
steel  is  fixed  so  as  to  be  at  ordinary  working  values  under  the  normal  loading,  with 
higher  stresses  under  the  other  and  more  exces.sive  loadings.  If  the  full  strength 
of  the  wall  up  to  or  approaching  the  point  of  overturning  is  to  be  developed  then  the 
stress  in  the  steel  at  this  point  should  not  exceed  the  elastic  limit. 

In  the  upper  portion  of  the  wall  the  stress  in  the  steel  is  generally  kept  at  a  lower 
value  under  the  normal  pressure  so  as  to  make  provision  for  slips,  the  thrusts 
produced  by  the  tipping  of  the  fill  and  possible  pressure  produced  by  freezing. 

In  comparing  the  strength  and  stability  of  gravity  walls  with  reinforced  walls, 
it  is  necessarv  to  consider  their  relative  strength  under  different  conditions.  In  the 
gravity  walls,  when  the  resultant  cuts  outside  the  middle  third  tension  exists  in  the 
back  of  the  wall  and  the  stability  of  the  wall  will  then  depend  upon  the  character  of 
its  construction.  Any  considerable  amount  of  tension,  however,  would,  of  course, 
make  the  wall  unsafe.  Therefore,  as  a  unit  the  reinforced  wall  on  account  of  its 
ability  to  take  tension  gives  a  structure  having  a  much  higher  factor  of  safety. 

The  gravity  wall  is  better  able  to  resist  excessive  pressures  applied  to  only  a 
portion  of  the  wall,  than  a  reinforced  wall  designed  to  resist  normal  pressures  only, 
on  account  of  the  nature  of  its  construction  admitting  of  a  better  distribution  of 
pressures.  When  the  resistance  of  a  gravity  wall  is  exceeded  by  the  thrusts,  the 
wall  in  general  falls  slowly,  while  the  reinforced  structure  would  be  more  likely  to  fall 
suddenly,  probably  resulting  in  much  greater  damage.  It  is  therefore  essential  in 
designing  reinforced  concrete  walls  to  keep  the  stresses  sufficiently  low  so  as  to  provide 
for  possible  loads  exceeding  the  normal  pressure.  However,  under  these  excessive  loads, 
such  as  are  computed  in  accordance  with  the  formulae  for  Q  and  0^  the  stresses  may 
be  at  a  much  higher  value. 

The  line  of  action  of  the  various  forces  and  resultant  pressures  at  the  base  and 
floor  reaction  are  shown  diagrammatically  in  Fig.  i.  In  this  diagram  the  rectangle 
abed  represents  the  uniform  weight  of  the  wall  and  superimposed  earth.  The  pres- 
sure triangle  abe  represents  the  upward  pressure  on  the  base  of  the  wall  under  the 
normal  thrust  p.  The  triangle  hbc  represents  the  resultant  downward  pressures 
on  the  floor,  and  the  triangle  dhe  represents  the  resultant  upward  pressures  on  the 
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floor.  The  reaction  at  the  base  under  the  thrusts  0^  is  indicated  diagramatically  by 
the  triangle~rt6'^. 

Fig.  2  shows  diagrammatically  the  thrusts  appHed  to  the  front  wall  under  the 
different  loadings.  By  the  use  of  a  diagram  similar  to  this,  the  loads  being  plotted 
in  lb.  per  sq.  ft.,  the  strength  of  the  front  wall  and  ribs  may  be  proportioned  to  with- 
stand the  conditions  imposed. 

The  following   is   the   data   used    in   designing   the  reinforced  concrete  : 

^lodulus  of  elasticity  of  steel,  30,000,000. 

^Modulus  of  elasticity  of  concrete,  2,000,000. 

Ratio  13.      Anchorage  40  to  50  diameters. 

Shear  without  diagonal  reinforcement  not  to  exceed  40  lb.  per  sq.  in. 

Computations  for  reinforced  concrete  sections  by  straight  line  formula. "\  Steel 
in  direct  tension  20,000  lb.  per  sq.  in.     Steel  reinforcement  used  in  the  designs  was 


Fig.  3.     Retaining  Wall,  Dilworth  Strekt.  Pittsburgh. 


square  twisted  rods  of  medium  steel. 
on  the  contract  plans. 


It  was  bent  cold  to  the  required  shape  shown 


DESIGN    OF    DILWORTH    STREET    RETAINING    WALL. 

The  Dilworth  Street  wall,  a  portion  of  which  is  shown  in  Fig.  3,  was  erected  in 
connection  with  the  grading,  paving,  and  curbing  of  Dilworth  Street.  It  was  erected 
during  the  summer  of  1909.  In  preparing  plans  for  this  wall  comparative  designs 
were  made  to  determine  the  most  economical  tvpe  of  wall.  The  site  upon  which  the 
wall  is  built  is  a  steep  inclined  hillside,  upon  which  an  old  fill  about  8  ft.  to  10  ft. 
in  depth  had  been  placed.  This  old  fill  was  of  conglomerate  material,  composed  of 
clay,  loam,  and  also  contained  a  large  quantity  of  rubbish. 

Test  pits  were  excavated  showing  that  shale  of  good  quality  was  to  be  found  at 
a  depth  of  about  9^  ft.  below  the  surface  at  the  deepest  section.     The  character  of 
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the  material  overlying  the  shale  was  such  that  it  was  deemed  unsafe  to  construct  a 
plain  gravity  wall  without  carrying  the  footing  to  the  shale.  The  design  of  the  gravity 
walls  for  comparison  was  therefore  based  upon  carrying  the  footing  to  rock.  The 
lateral  thrusts,  however,  were  computed  for  a  dc]:ith  of  33  ft.  for  the  deepest  section, 


vf  slrii\  in  yfee/ 
in  fi^nndi  pei-Sf  in 


'037/it 


DiAGtAM    No  I 

Dft.gn  of  /■/-•»!<    *«fc/, 

Lo0*t  A  Sti-tisfi 


^9t€   J  •  vnif  siren  tn  jitrf 
tn/bi/eer  if  tn 
'trrn  m/rw/ti/ttr  s^ft 


^nu/iant  /reji  on  f/ccr 


Fifi.  4.     Details  of  design. 
Retaining  Wall,  Dilworth  Street,  Pittsburgh. 


which  section  was  compared  with  the  cost  of  constructing  a  reinforced  retaining  wall 
35  ft.  in  depth  at  the  same  point  ;  for  the  other  depths  the  comparison  and  designs 
were  made  in  a  similar  manner. 

In  deciding  upon  the  proper  co-efhcient  for  computing  the  lateral  thrusts  to  be 
resisted  by  the  proposed  wall,  there  was  taken  into  consideration  the  fact  that  the  clay 
filling  would  be  placed  upon  a  steeply  inclined  surface  and  underlaid  with  several  feet 
of  fill  of  poor  character  and  that  this  material  was  underlaid  by  sloping  impervious  rock 
strata.  It  was  therefore  deemed  advisable  that  the  wall  be  constructed  to  resist  a 
fill  whose  angle  of  repose  </>  would  approximate  33  degrees  42  min.  Further,  on 
account  of  the  nature  of  the  material  underlying  the  fill,  it  was  considered  necessary 
to  provide  an  additional  factor  of  safety  for  loads  in  excess  of  the  normal  computed 
loads.  These  excess  loads  might  come  from  a  slipping  of  the  earth  wedge  of  the 
new  fill  or  from  the  tipping  over  of  this  wedge. 

Design  of  Reinforced  Concrete  Retaining  Wall  for  Heigtit  of  35  ft. — The  rein- 
forced retaining  wall  finally  adopted,  a  section  of  which  is  shown  in  Fig.  4,  was 
designed  so  that  it  would  have  a  resisting  value  under  normal  thrust  P  equivalent  to 
that  of  the  plain  wall  with  a  base  of  -3//,  and  at  the  same  time  be  safe  under 
more  excessive  loads.  The  wall  was,  therefore,  designed  so  that  the  resultant  due  to 
the  lateral  thrust  produced  by  the  fill  under  the  assumption  (tf^a  degrees  42  min. 
would  pass  through  the  middle  third  and  the  stresses  in  the  structure  to  be  at 
working  value.  Under  higher  loads,  such  as  might  be  caused  by  forces  O  or  Q'^,  or 
pre.ssures  developed  by  freezing  or  settlement  of  fill,  the  stresses  allowed  were  higher, 
approaching  the  elastic  limit  for  maximum  possible  conditions. 

The  width  of  base  was  determined  in  accordance  with  the  method  stated  before 
under  design  of  reinforced  concrete  retaining  walls.  The  required  width  of  base 
as  computed  was  17-2  ft.,  and  the  width  taken  for  the  design  was  17-5  ft.,  including 
a  6-in.  toe  projection. 

The  conclusions  drawn  from  the  comparative  estimates  made  for  the  30  ft.  and 
21-5  ft.  heights  indicate  that  the  reinforced  concrete  walls  would  be  as  economical 
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to  construct  as  a  gravity  wall  with  a  base  -4  the  height,  but  that  the  reinforced  con- 
crete type  would  possess  a  far  greater  factor  of  safety.  It  was  therefore  decided  to 
construct  the  entire  wall  of  reinforced  concrete. 

The  reinforced  wall,  as  before  stated,  was  designed  for  three  depths,  35,  30  and 
21-5  ft.  respectively  from  top  of  wall  to  bottom  of  floor.  The  wall  was  also  designed 
so  as  to  rest  upon  piers  extended  along  the  front  of  the  wall  and  underneath  each 
rib.  The  data  used  in  the  design  conforms  to  that  given  under  design  of  reinforced 
concrete  retaining  walls.  In  this  discussion  only  the  design  of  the  deepest  section 
is  given,  the  design  of  the  other  sections  being  made  in  a  similar  manner. 

Design  of  Front  Wall. — The  front  wall  transmits  the  lateral  thrusts  to  the  ribs, 
and  is  designed  as  a  slab  fixed  at  the  ribs.  The  connection  between  the  ribs  and 
the  front  wall  was  designed  so  as  to  fix  the  wall  to  the  ribs,  and  as  placed  this  assump- 
tion is  practically  correct.  The  bending  moments  at  the  centre  of  the  slab  were 
computed  in  accordance  with  the  formula  ivl'^i^  and  at  supports  Me  =  wl- ^12. 
In  actual  detailing  the  percentage  of  steel  is  varied  so  as  to  give  convenient  spacing 
to  facilitate  erection. 

Diagram  No.  i.  Fig.  4,  shows  the  triangles  of  pressure  applied  to  the  front  wall, 
the  loadings  marked  thereon  being  in  lb.  per  sq.  ft. 

The  front  wall  slabs  were  designed  as  follows  : 

The  stress  in  the  steel  is  equal  to  10,000  lb.  per  sq.  in.  under  normal  loading 
from  the  base  to  the  point  b,  which  is  18  ft.  below  the  top  of  the  wall.  From  this 
point  up  the  wall  was  considered  to  be  under  a  uniform  lateral  thrust  of  565  lb.  per 
sq.  ft.,  with  a  tension  in  the  steel  of  10,000  lb.  It  will  be  seen  from  an  inspection 
of  this  diagram  that  under  the  load  Q'  the  steel  at  the  top  of  the  wall  will  be  stressed 
to  about  18,000  lb.,  while  at  overturning  the  steel  would  be  stressed  to  27,000  lb. 
per  sq.  in.  The  unit  stresses  used  arc  low  for  reinforced  concrete  work,  but  in  fixing 
these  stresses  the  character  of  the  construction  was  taken  into  account. 

In  connection  with  the  detailing  of  this  wall  it  will  be  noticed  at  the  ribs  the 
rods  are  placed  through  holes  punched  in  structural  steel  angles.  This  assures  the 
alignment  and  securing  of  the  rods,  and  at  the  same  time  afJords  a  secure  manner 
of  tying  the  front  wall  to  the  ribs.  A  double  line  of  reinforcement  is  used  in  the 
front  wall.  Some  difficulty  was  encountered  in  placing  the  rods  in  the  back  row,  and 
it  would  probably  be  more  economical  to  design  the  front  wall  as  a  simple  slab  with 
bent  rods  for  the  negative  moment  at  the  points  of  support. 

Design  of  Rib  Reinforcement. — The  ribs  were  computed  as  cantilevers  fixed 
at  the  base,  where  they  are  tied  into  the  floor,  which  is  held  by  the  superimposed 
load  of  earth.  Tentative  designs  were  made  for  panel  spacing  of  7-5  and  9  ft.  The 
9-ft.  spacing  proved  to  be  the  more  economical. 

The  rib  rods  are  run  down  the  back  of  the  wall,  some  of  the  rods  extending  into 
the  projection  at  the  heel,  and  some  of  them  being  placed  under  transverse  i-in. 
rods,  which  in  turn  engage  the  reinforcement  in  the  floor.  In  this  manner  the  secure 
anchorage  of  the  rib  rods  is  obtained  and  the  distribution  of  the  stresses  between 
the  floor  and  the  rib  efTected.  To  insure  the  bond  between  the  floor  and  the  ribs 
vertical  ties  were  also  added.         ♦ 

The  method  of  designing  the  reinforcement  of  the  ribs  was  similar  to  that  em- 
ployed for  designing  the  front  wall.  The  ribs  were  investigated  in  sections  5  ft. 
apart,  the  percentage  of  steel  determined,  and  the  rods  were  carried  a  sufficient 
distance  be^'ond  the  point  required  in  order  to  give  secure  anchorage,  then  were 
bent  as  shown  in  order  to  avoid  crushing  the  concrete. 

The  stress  in  the  rib  reinforcement  varies  from  10,000  lb.  for  the  normal  loading 
up  to  40,000  lb.  under  the  ultimate  load,  and   was   proportioned  to  develop  the  same 
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strength  as  that  of  the  front  wall.  Stress  diagrams  for  the  different  sections  and 
nndcr  the  different  loads  were  drawn  similar  in  form  to  those  prepared  for  the  front 
wall . 

Design  of  Floor. — Diagram  No.  2,  Fig.  4,  illustrates  the  method  used  in  fixing 
the  unit  stresses  in  the  floor  reinforcelnent.  The  floor  reinforcement  consists  of 
double  reinforcement  so  as  to  provide  for  negative  moments  at  the  base  of  the  ribs 
and  so  as  to  carry  the  resultant  pressures. 

Under  the  normal  thrust  P  the  resultant  cuts  nearh-  at  the  middle  third,  so 
that  the  upward  reaction  is  a  triangle,  the  maximum  pressure  being  twice  the  average 
at  the  toe.  This  condition  is  shown  graphically  in  Diagram  2,  Fig.  4,  being  indicated 
by  the  pressure  triangle  gdf.  The  downward  pressure  caused  by  the  weight  of  super- 
imposed earth  is  taken  as  the  weight  of  the  wall  plus  the  earth  and  considered  as 
uniformly  distributed  (see  Diagram  2,  area  rihcd).  The  difference  between  the 
upward  and  downward  pressure  gives  the  resultant  pressure  which  the  floor 
must  be  designed  to  carry.  For  this  condition  the  resultant  pressures  are  shaded 
in  Diagram  2. 

As  the  loading  is  increased  beyond  that  produced  by  the  normal  thrusts  a  greater 
width  of  the  floor  is  subjected  to  the  downward  pressure ;  at  the  same  time  the  intensity 
of  upward  resultant  at  the  toe  increases.  In  order  to  proportion  the  wall  so  as  to 
give  all  parts  equal  strength  under  the  same  conditions  the  floor  was  designed  to 
take  the  stresses  caused  by  a  loading  of  twice  the  normal,  the  resultant  of  which  cuts 
the  base  at  a  distance  of  248  ft.  from  the  toe  and  causes  the  upward  reaction  as 
shown  in  the  diagram.     Under  Q  the  resultant  cuts  the  base  3-11  ft.  from  the  toe. 

The  floor  was  designed  so  as  to  take  the  varying  loads,  the  first  75  ft.  from  the 
heel  being  designed  to  carry  the  weight  of  the  fill  under  a  unit  stress  in  steel  of 
12,000  lb.  The  next  4-5  ft.,  which  is  not  subjected  to  downward  pressure,  except 
under  the  excessive  loads,  was  designed  for  a  unit  stress  in  steel  of  16,000  lb.  The 
front  portion  of  the  floor  was  designed  to  take  the  upward  resultant  caused  by  the 
loading  2P,  or  twice  the  normal,  the  triangle  alh,  Diagram  No.  2,  Fig.  4,  showing 
the  loading.     The  allowable  stress  under  this  loading  was  24,000  lb. 

All  unit  stresses  in  the  floor,  however,   caused  by  the  normal  loading  do  not 
exceed     12,000     lb.        In     this     manner    the    floor    is 
^  proportioned  so  as    to    develop    the    strength    of  the 

I  r  floor    and     ribs.        Under     loading     approaching     the 

ultimate  the  upward  resultant,  of  course,  becomes 
very  great,  and  for  this  reason  the  change  in  section 
between  the  front  wall  and  floor  is  made  gradual. 

Design  of  Heel  Projection. — Under  the  normal 
thrust  P  of  17,100  lb.,  the  weight  of  the  wall  being 
71,000  lb.,  the  necessary  co-efficient  to  prevent  sliding 
would  be  0-24.  It  was  assumed  that  the  tangent 
of  the  angle  of  friction  would  be  not  less  than  0-33. 
Under  the  ultimate  thrust  to  be  carried  by  the  wall  of 
47,000  lb.,  deducting  the  resistance  due  to  friction  of 
23,000  lb.,  leaves  a  balance  to  be  taken  by  the  heel 
projection  of  24,000  lb.  Under  the  loading  of  twice 
the  normal,  giving  a  thrust  of  34,000  lb.,  the  thrust 
to  be  taken  by  the  heel  projection  would  be  11,000  lb.  per  linear  foot  ;  the 
projection  was  therefore  designed  as  a  cantilever  to  resist  this  thrust  of  11,000  lb. 
per  linear  loot,  with  unit  stress  in  steel  of  16,000  lb.  Under  the  ultimate  loading 
the  stress  in  steel  would  be  35,000  lb.  The  reason  for  carrying  down  this  toe 
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Fig.  5.      Details  of  bars  in  base. 
DiLwoRTH  Street  Retaining  \V.\li. 
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projection  was  that  the  piers  in  front  of  the  wall  could  not  be  relied  upon  to  prevent 
sliding  without  carrying  them  to  considerable  depth,  while  the  back  of  the  wall, 
being  carried  into  shale  excavation,  afforded  an  advantageous  and  economical  method 
of  preventing  slipping.     The  design  of  the  heel  projection  is  shown  in  Ftg.  5. 

Tie  Rods  in  Ribs. — The  vertical  tie  rods  tying  the  ribs  to  the  floor  of  the  wall 
were  proportioned  to  carry  the  resultant  downward  pressure  and  transmit  the  same 
to  the  ribs  that  were  carried  up  through  the  rib  and  hooked  over  the  horizontal  tie 
rods.     From  the  theoretical  standpoint  these  tie  rods  are  not  necessary,  but  it  was 

thought  that  a  much  more  rigid  and  per- 
manent construction  could  be  obtained.  The 
unit  stress  in  these  rods  was  fixed  at  20,000  lb. 
per  sq.  in. 

The  horizontal  tie  rods  were  designed  to 
transmit  the  lateral  thrusts  from  the  front 
wall  to  the  ribs.  The  unit  stress  in  these 
rods  was  fixed  at  20,000  lb.  per  sq.  in.,  the 
stress  being  taken  at  this  value  on  account  of 
the  liability  of  excessive  loads  over  any  portion 
of  the  wall.  At  overturning,  considering  the 
thrust  causing  overturning  as  applied  either  at 
J  or  I  the  height,  the  stresses  in  these  tie  rods 
is  about  40,000  lb.,  but  necessarily  varies  in 
different  portions  of  the  rib.  The  horizontal 
tie  rods  also  insure  the  distribution  of  the 
stresses  and  make  secure  the  bond  between  the 
front  wall  and  the  ribs.  The  horizontal  tie 
rods  were  made  in  U  shape,  being  passed 
around  the  structural  angles  in  the  front  of 
the  wall  and  hooked  around  the  rib  reinforce- 
ment in  the  back  of  the  wall.  It  will  thus  be 
impossible  for  the  ribs  of  the  front  wall  to 
separate  without  tearing  out  the  longitudinal 
.reinforcement  in  the  front  wall. 

Concrete  was  mixed  in  the  following  pro- 
portions : 

Plain  concrete  in  piers  1:3:7;  reinforced 
concrete,  i  :  2|^  :  5. 

The  gravel  used  was  Allegheny  River 
gravel,  conforming  to  the  requirement  that  it  should  be  graded  from  fine  to  coarse, 
ranging  in  size  from  li  in.  to  ]  in. 

STANTON  AVENUE  RETAINING  WALL. 

This  wall  was  constructed  during  1908  and  1909  to  replace  portions  of  an  old 
wall  which  had  fallen  by  overturning.  Repairs  had  been  made  to  the  old  wall  at 
various  times,  and  several  very  heavy  buttresses  or  counterforts  had  been  built. 
The  slope  in  front  of  the  wall  is  steep,  extending  500  or  600  ft.  to  the  valley  below. 
The  material  is  mostly  red  clay  underlaid  with  shale.  The  slope  in  front  of  the 
wall  had  slipped,  the  surface  of  the  ground  showing  cracks  several  feet  in  depth, 
these  cracks  extending  down  the  slope  several  hundred  feet.  The  old  wall  seems 
to  have  failed  on  account  of  the  slipping  of  the  material  in  front  of  it.     The  filling 


Fiii.  6.      View  in  course  of  construction. 
Retaining  Wall,  Stanton  Avenue,  Pittsburgh 
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behind  the  wall  was  found  to  be  a  mixture  of  yellow  and  red  clay,  which  during  dry 
weather  cracks  up  and  freely  admits  water.  There  was  no  provision  for  drainage 
in  the  old  walls,  which  probably  contributed  largely  to  their  failure. 

It  was  proposed  to  replace  the  portion  of  the  wall  that  had  fallen,  and  with  this 
in  \iew  designs  were  made  for  reinforced  concrete  retaining  walls  of  two  depths, 
20  ft.  and  15  ft.  respectively.  It  was  proposed,  if  necessary,  to  go  below  this  depth, 
to  utilise  the  stone  recovered  from  the  old  wall,  using  such  stone  as  was  satisfactory. 

After  the  contract  was  let  it  was  found  impracticable  to  build  the  wall  without 
carrying  the  base  to  shale.  Owing  to  the  fact  that  the  slope  in  front  of  the  wall 
continued  to  slide  owing  to  its  angle  of  incUnation,  and  also  to  the  fact  that  it  was 
necessary  to  go  a  depth  of  from  8  to  10  ft.  under  a  portion  of  the  20-ft.  section,  it, 
was  decided  to  change  the  detail  of  the  reinforced  wall  in  some  respects.  The  base 
was  increased  from  9  to  10  ft.,  and  the  dimensions  of  the  wall  at  other  sections  was 
also  increased.  No  change  was  made  in  the  quantity  of  steel.  The  reason  for 
increasing  the  base  to  a  greater  width  was  to  transmit  the  resultant  pressure  to  the 
rubble  base  in  a  safe  manner,  and  also,  to  a  limited  extent,  to  provide  for  a  depth 
of  pressure  exceeding  20  ft. 


Fig.  7.     Retaining  Wall.  Michigan  Street,  Pittsburgh. 

MICHIGAN    STREET    RETAINING    WALL. 

This  wall  is  a  heavy  reinforced  concrete  wall  of  the  cantilever  type,  designed 
for  the  surcharge  of  a  new  fill  placed  on  a  steep  slope.  The  wall  was  built  in  connec- 
tion with  the  grading,  paving,  and  curbing  of  Michigan  Street,  and  was  built  to  protect 
a  roadway  in  McKinley  Park.  The  wall  consists  of  an  arched  central  portion  of 
reinforced  concrete  with  plain  concrete  abutments  or  wing  walls  at  the  end.  From 
the  back  of  the  wall  the  embankment  slopes  up  to  the  street  line,  the  angle  of  the 
slope  varying  with  the  distance  of  the  wall  from  the  street  line. 

On  account  of  the  location  of  the  wall  an  attempt  at  ornamentation  was  made. 

The  wall  was  designed  for  a  normal  pressure  of  twice  that  developed  under  the 
assumption  that  ,p  would  equal  37  degrees  30  min,  which  approximately  equals  the  angle 
-of  inclination  of  the  original  surface  of  the  ground.    The  depth  of  surcharge  was  about 
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5 J  ft.  The  stability  and  internal  resistance  of  the  wall  was  also  investigated  under 
the  thrust  developed  by  the  forces  Q  and  Q'.  The  weight  of  the  wall  and  the  super- 
imposed earth  was  25,000  lb.,  its  moment  of  resistance  was  231,000  ft.  lb.  per  lin. 
ft.     The  steel  was  computed  for  stress  in  steel  of  8,000  lb. 

In  designing  the  wall  the  base  was  spread,  the  toe  being  extended  5  ft.  on  the 
front  of  the  wall.  This  extended  base  was  desirable  on  account  of  the  steep  slope 
of  the  existing  surface  and  the  fact  that  a  mixed  clay  and  earth  fill  was  to  be  placed. 

A  comparative  design  was  made  for  a  gravity  wall,  but  on  account  of  the  condi- 
tions it  was  thought  advisable  to  build  the  reinforced  wall,  since  the  cost  was  but 
very  little  greater  and  it  possessed  a  much  greater  factor  of  safety. 

The  vertical  rods  in  the  back  of  the  wall,  |-in.  rods  spaced  4:^  in.,  were 
extended  from  the  top  of  the  wall  to  the  base.  The  inclined  rods,  |-in.  rods 
spaced  4^  in.  centre  to  centre,  were  tied  to  the  vertical  rods  and  also  to  the  trans- 
verse rods  in  the  heel,  which  were  |-in.  rods  spaced  6  in.  centre  to  centre.  The 
ends  of  the  inclined  rods  were  hooked  over  longitudinal  rods  in  the  base.  The  rods 
in  the  extended  toe  were  |-in.  rods  spaced  4  in.  centre  to  centre.  A  toe  projection 
was  provided,  but  was  not  necessary  in  construction  owing  to  the  fact  that  the 
base  of  the  wall  was  in  shale.  The  shape  of  the  wall  also  is  such  that  arching  action 
of  the  reinforced  section  against  the  hea\-y  concrete  wing  walls  is  provided,  and  pro- 
vides a  very  great  factor  of  safety  against  overturning. 

The  proportion  of  concrete  in  this  wall  was  1:3:6. 


laiSlSteJ^' 


li:;.  s.     Retaining  Wall,  \\  ashist,!  on  A\ence.  Pittsburgh. 

WASHINGTON    AVENUE    RETAINING    WALL. 

The  wall  erected  on  Washington  Avenue  is  a  reinforced  concrete  retaining  wall, 
cantilever  type,  500  ft.  long,  at  each  end  of  which  a  length  of  gravity  wall  of  less 
depth  was  built,  the  total  length  of  the  gravity  walls  being  375  ft.  The  construction 
of  this  wall  was  rendered  difficult  by  the  fact  that  a  6-ft.  brick  sewer  had  been  built 
near  the  street  line,  so  that  the  space  available  for  the  base  of  the  wall  was  restricted. 
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In  preparing  the  contract  j^lans  it  wiis  anticipated  that  the  width  of  base  would  not 
exceed  4  ft. 

The  wall  was  designed  for  a  base  of  4  ft.  and  a  depth  of  19  ft.  from  top  of  wall 
to  bottom  of  the  reinforced  wall.  It  was  anticipated  that,  where  desired,  plain 
concrete  would  be  placed  under  the  base  of  the  reinforced  wall. 

The  concrete  was  1:3:6  mixture,  and  the  wall  was  built  in  sections  varying 
from  90  to  60  ft. 

The  wall  was  designed  for  a  depth  of  fill  of  from  7  to  9  ft.,  and  the  angle  of 
repose  assumed  for  the  fill  was  45  degrees.  It  was  assumed  that  the  excavation  through 
the  old  fill  would  exert  little  if  any  pressure  on  the  wall.  The  normal  thrust  deve- 
loped, with  <^=45  degrees  and  7=100  lb.  per  cu.  ft. ,  =  700  lb.  per  lin.  ft.  of  wall.  The 
weight  of  the  wall  and  the  superimposed  earth  was  9,400  lb.  per  lin.  ft.  The  over- 
turning moment  calculated  to  the  base  of  the  reinforced  section  for  h  =  ig  ft.,  is 
M.  =  9,ioo  ft.  lb.  per  lin.  ft.     The  moment  of  resistance  of  the  wall  about  the  toe 
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Fig.  9.     Sections. 
Retaining  Wall,  Washington  Avenue,  Pittsburgh. 

is  M  =18,200  lb.  per  lin.  ft.  Under  this  thrust  the  resultant  cuts  the  base  about 
1  ft.  from  the  toe,  the  base  bearing  under  the  thrust  being  3  ft. 

While  this  was  considered  safe  for  the  character  of  the  fill  to  be  placed,  which 
was  to  be  a  mixture  of  shale  and  clay,  it  was  thought  desirable  to  carry  the  base 
deep,  so  as  to  provide  an  additional  factor  of  safety  for  overturning.  For  this  reason 
the  depth  of  the  wall  was  carried  6  ft.  below  the  top  of  the  rail.  The  steel  reinforce- 
ment was  computed  so  that  the  stress  on  the  steel,  under  the  normal  thrust  developed, 
by  the  earth,  with  ^  =  33  degrees  42  min,  would  not  exceed  8,000  lb.  per  sq.  in. 

When  the  trench  was  opened  up  it  was  found  that  the  line  of  the  sewer  was 
irregular,  and  that  for  a  considerable  portion  of  the  length  of  the  wall  a  width  of 
base  of  from  5  to  6  ft.  was  available.  The  base  of  the  wall  was  therefore  made  the 
full  width  of  the  trench,  and  horizontal  steel  reinforcement  was  placed  in  this  extended 
heel,  the  original  design  only  contemplating  a  6-in.  ofTset  2  ft.  from  the  base. 

The  distance  from  the  bottom  of  the  reinforced  concrete  section  to  the  surface 
of  the  shale  varied  from  nothing  to  4  ft.  With  the  exception  of  the  first  section  of 
90  ft.  the  wall  was  carried  to  shale,  plain  concrete  being  placed  under  the  base  of 
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the  reinforced  section.  In  orcier  to  utilise  this  depth  of  reinforced  concrete  vertical 
reinforcement  was  placed  in  the  back,  being  hooked  over  the  horizontal  rods  of  the 
heel. 

With  a  base  5  to  6  ft.  in  width  the  wall  has  a  much  greater  moment  of  resistance, 
the  moment  of  resistance  of  the  wall  being  increased  from  about  18.000  to  about 
41,000  ft.  lb.  per  lin.  ft. 

Section. — The  section  of  the  wall  consists  of  a  thin  section  14  in.  wide  at  the 
top  and  18  in.  at  the  bottom,  and  from  12-3  to  13-5  ft.  in  depth.  This  portion  is 
reinforced  with  f-in.  rods,  spaced  y^  in.  centre  to  centre.  The  next  section  is  4  ft. 
in  depth,  and  its  thickness  is  18  in.  at  the  top  and  3^  ft.  at  the  bottom,  and  is  rein- 
forced with  -|-in.  rods  spaced  7^  in.  centre  to  centre.  The  transverse  rods  in  the 
ba.se,  which  was  2  ft.  in  thickness,  are  |-in.  rods  spaced  yh  in.  centre  to  centre.  The 
rods  in  the  upper  portion  of  the  wall  were  cut  oS.  alternately  4  ft.  from  the  top. 

Expansion  and  Contraction. — In  the  first  section  of  the  wall,  90  ft.  in  length, 
the  longitudinal  reinforcement,  placed  so  _as  to  provide  for  temperature  stresses  and 
to  aid  in  distributing  the  stresses,  consisted  of  nine  |-in.  rods  spaced  about  19  in. 
apart,  the  percentages  of  steel  in  the  upper  portion  being  0092  per  cent.  The  base 
of  the  first  section  was  on  hard  clay.  Xo  cracking  of  the  wall  resulted.  The  next 
section,  however,  was  carried  to  rock,  and  this  90-ft.  section  cracked  into  three  parts 
of  approximately  30  ft.  in  length.  The  percentage  of  reinforcement  was  increased, 
sixteen  J-in.  rods  being  placed  in  the  upper  13  ft.  of  the  wall,  the  percentage  of  the 
steel  then  being  0-165  P^^  cent.  This  quantity  of  the  steel  seemed  to  be  effective 
in  preventing  cracks. 
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TiDO  Building  Trades  EzhibHions  toere  held  at  Manchester  during  the  vast  monih^one 
organized  by  Messrs.  Montgomery,  ivho  are  so  tvell  knoivn  in  connection  ivith  the  exhibition 
held  biennially  in  London;  and  the  other  -was  the  Seventh  Manchester  Building  Trades 
Exhibition,  and  -was  held  at  the  City  Exhibition  Hall,  Deansgate.  Both  ivere  iiery 
successful,  — ED, 

THE    BUILDING    TRADES    EXHIBITION,    RUSHOLME.    MANCHESTER. 

The  Building  Trades  Exhibition,  which  was  held  at  Rusholme  from  March  gth  to  23rd, 
under  the  organisation  of  Mr.  H.  Greville  Montgomery,  was  practically  the  same,  on  a 
smaller  scale,  as  the  verv  successfvil  exhibitions  held  biennially  in  London  under  the 
same  able  management. 

Floors  and  Roofing,  etc. — .\mang  the  exhibitors  were  the  KJci)ic  Patent  Fire 
Resisting  Flooring  Syndicate,  who  showed  floors,  staircases,  and  roofs  constructed  of 
reinforced  hollow  bricks.  The  framework  of  their  stand  consisted  of  steel  stancheons 
and  horizontal  steel  joists,  covering  a  round  area  of  20  ft.  bv  10  ft.  The  floor  of  their 
exhibit  was  raised  about  3  ft.  from  the  floor  level  of  the  hall,  in  order  to  show  two 
short  flights  of  stairs  being  constructed  on  the  Kleine  system  to  lead  up  to  same. 
This  floor  was  constructed  of  small  size  hollow  bricks,  set  on  edge  and  reinforced 
with  flat  tension  bands  to  form  a  floor  (j  in.  deep,  spanning  10  ft.,  and  built  into  the 
webs  of  girders  on  either  side  only,  the  ends  not  requiring  a  support.  Above  this  was 
constructed  a  20  ft.  span  7^  in.  thick,  built  with  Kleine  patent  hollow  bricks,  with 
closed  ends,  reinforced  with  round  rods  and  cantilevering  slightly  beyond  the  steel 
frame.  A  small  opening  was  left  in  the  middle  of  this  span  without  trimming  hoists, 
to  demonstrate  the  fact  that  openings  may  be  left  if  desired.  On  top  of  this  20  ft. 
span  were  built  Kleine  Hollow-  Brick  reinforced  wrdls.  The  20  ft  span  was  built 
on  top  of  the  girders  to  demonstrate  that  there  is  no  arch  action  in  the  Kleine  floors, 
and  consequently  there  is  no  thrust  on  the  steelwork. 

Messrs.  G.  M.  Calloider  c-^-  Co.,  Ltd.,  included  among  their  exhibits  their 
"  Callendrite  "  reservoir  sheeting,  which  is  largely  used  for  making  reservoirs,  filter- 
beds,  swimming  baths,  waterproof  tanks,  etc.  VA'hen  this  sheeting  is  used  the  inner 
slopes  of  the  embankments  and  the  floor  of  the  reservoir  are  lined  with  a  thin  layer 
of  concrete,  so  as  to  form  an  even  surface  for  the  sheeting,  and  then  the  latter  is 
covered  with  3  in.  of  concrete  as  a  protection  from  mechanical  damage.  A  model  was 
shown  of  a  reservoir  lined  with  Callender's  sheeting  to  demonstrate  its  impermeabilit}^ 
Other  specialities  shown  by  this  firm  w^ere  "  Ledkore  "  dampcourse  for  foundation 
work,  "  Permalithic,"  asbestic,  jointless  flooring,  which  is  suitable  for  warehouses, 
hospitals,  etc.  It  is  claimed  for  "  Protex,"  damp-proofing  emulsion,  which  was  also 
shown  at  this  stand,  that  it  renders,  when  applied  cold  with  an  ordinary  brush,  porous 
concrete  blocks  damp-proof. 

Reinforced  Concrete. — llie  "  Moseley  "  Conslriictiun  Co.'s  stand  attracted  a 
good  deal  of  attention,  as  it  is  the  first  time  this  company's  specialities  have  been  shown 
to  the  public.     The  front  exhibit  on  the  stand  was  a  Terracrete  wall  and  doorway,  a 
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combination  of  terra-cotta  and  reinforced  concrete.  The  former  is  made  in  hollow- 
troughs  with  large  perforations  in  the  bottoms,  which  are  built  course  by  course  like 
masonry  and  filled  with  concrete.  Reinforcing  rods  are  laid  in  horizontally  and 
vertically,  as  usually  done  in  reinforced  concrete  work,  and  a  monolithic  structure  is 
secured.  No  shuttering  is  required,  and  the  terra-cotta  front  and  reinforced  concrete 
walls  go  up  simultaneously.  Another  wall  was  shown  where  the  terra-cotta,  blue 
vitreous  tile,  white  glazed  and  coloured  faience  work  were  hung  on  and  built  in  with 
reinforced  concrete  troughs.  Other  exhibits  of  this  firm  consisted  of  a  reinforced 
concrete  wall  built  with  a  cavity — the  concrete  troughs  having  a  division  to  effect  that 
purpose.  A  beam  constructed  of  the  hollow  troughs  was  shown  spanning  the  length 
of  the  stand  with  tension  rods  inserted.  These  beams  can  be  lifted  up  into  position 
and  filled  with  concrete  in  situ,  saving  all  centering  and  shuttering.  Some  4^-in. 
w;Uls  were  shown  with  artificial  granite  finish  and  having  great  strength,  all  built  on 
the  same  system.  A  waterproofed  concrete  flat  roof  and  a  water  tank  were  also 
amongst  the  exhibits  on  the  stand,  and  a-  pier,  showing  the  method  adopted  in  rein- 
forcing the  concrete  troughs  and  connecting  the  foundations  slabs,  connections  from 
pier  to  pier,  counterforts  beams,  etc. 

The  Moseley  system  is,  we  understand,  to  abolish  the  use  of  all  shuttering  and 
centering  and  substitute  the  hollow  concrete  trough.  This  is  made  of  a  strong 
aggregate,  and  in  fixing  gives  great  strength  to  the  wall  or  beam.  Rapiditv  of 
erection  and  fine  artificial  stone  finish  are  other  important  features  of  this  system. 

Piling. — Messrs.  J.  cnul  W.  Stewart  exhibited  their  CP.  (cast  in  place)  method 
of  concrete  i^iling,  which  may  be  described  as  follows  : — 

A  heavy  steel  tube,  generally  16  in.  outside  diameter,  is  placed  on  top  of  a  loose 
cast  iron  point  and  driven  into  the  ground  (until  the  required  final  set  is  obtained)  hv 
means  of  a  hea\y  drop  hammer  operated  hy  a  high-speed  friction  winch.  The  tube 
is  filled  with  concrete  to  a  height  of  several  feet  (according  to  length  of  pile)  above  the 
level  at  which  it  is  desired  to  finish  the  head  of  the  pile.  A  powerful  pulling  tackle  is 
coupled  on,  and  the  tube  is  slowly  and  steadilv  drawn  out  of  the  ground.  .As  the  tube 
is  withdrawn  the  concrete  sinks  and  expands,  filling  up  tightly  the  hole  so  formed. 

The  Raiisoiiie  ver-Mehr  Machinery  Co.  also  showed  various  sections  of  their 
Ransome  Interlocking  Piling,  including  a  new  corrugated  section  with  rivetless  inter- 
lock (Typt'  I)).  This  particular  section  is  specially  useful  for  all  classes  of  cofter- 
dam  work,  and,  in  addition,  a  sample  was  shown  of  a  combination  of  this  section, 
built  up  to  form  bearing  piles.  A  large  quantitv  of  these  piles  have  recently  been 
supplied  to  the  Rosyth  Naval  Base. 

Mixers  — The  only  concrete  mixers  exhibited  were  those  of  the  Ransome  ver- 
Mehr  Machinery  C'ompanv,  who  showed  all  their  well-known  t\']>es,  including  their 
Ransome  Mixer  No.  o  size,  with  a  batch  capacity  of  5  cu.  ft.,  complete  with  automatic 
water  tank  .and  charging  measuring  hopper,  with  direct  coupled  electric  motor  and 
mounted  on  road  wheels  for  convenience  in  street  pavement  works,  for  which  this 
mixer  is  much  used.     It  is  also  greatly  employed  for  reinforced  concrete  work. 

Bar  Bending  Machine. — Mr.  W.  Komedy,  of  West  Drayton,  gave  demonstrations 
of  his  portable  bar-bender  for  reinforced  concrete.  This  is  a  hand-power  machine 
which  bentls  acute  and  obtuse  angles  in  mild  steel  rods  up  to  i^-in.  diameter  cold. 

Tiles,  Slabs,  etc. — Among  Mes.srs.  Bells'  United  Asbestos  Co.'s  specialities  were 
their  "  Poilite  "  asbestos  cement  roofing  tiles  and  building  sheets,  and  their  exhibit 
was  a  practical  demonstration  of  the  adaptability  of  that  material  for  engineering 
works  and  every  kind  of  building  where  a  light,  fireproof,  and  permanent  roofing 
material  is  required;  and  that  it  is  not  lacking  in  artistic  qualities  was  plainly 
demonstrated.     The  firm  also  showed  their  different  .\sbestos  Fireproof  Paints  for  the 
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protection  of  woodwork  from  iho  inception  and  spread  of  fire;  also  th<ir  l-"irric  Oxide 
Paints  for  bridf*es,  ijirders,  and  innnvork  generally. 

Messrs.  I'l.  I\ .  S[>t'akcr  and  Co.'s  pavilion,  with  "  Ktcrnit  "  .slat(;.s  and  sheets, 
was  a  wood-framed  l)nildin<f  which  was  otherwise  wholly  constructed  of  "Eternit," 
showing  how  this  material  can  l)e  used  ■  for  roofs,  walls,  ceilings,  and  imitation 
timber  work. 

Messrs.  Maclii)!  nnJ  Koenig  had  a  stand  showing  how  their  H.F.  asbestos  tiles 
and  slabs  and  other  spetialities  can  be  applied  for  the  construction  and  decoration  of 
ceilings,  interior  and  exterior  walls,  panelling,  etc. 

At  Messrs.  Frederick  Jones  and  Co.,  Ltd.'s  stand  their  "  Hercules  "  Fireproof 
Partition  Blocks  were  shown  in  various  stages  of  fixing  and  finishing.  These  are 
supplied  in  Portland  cement  concrete,  plaster  concrete,  or  pumice  concrete.  The 
exhibit  also  showed  their  Plaster  Ceiling  Slabs. 

BUILDING    TRADES    EXHIBITION,    DEANSGATE,    MANCHESTER. 

Another  Building  Trades  Exhibition  was  held  in  Manchester  from  the  5th  to  the 
i6th  March  at  the  City   Exhibition  Hall,  Deansgate. 

The  only  system  of  reinforced  concrete  exhibited  there  was  that  of  the  Manchester 
Armoured  Tubular  Flooring  Co.,  Ltd.  Samples  of  the  tubes  for  making  this  flooring 
were    on    view    at    the    stand,    as    will    be    seen    from    the    accompanying    illustration. 


Manchester  Armoured  Tuiular  Co.'s  Stand. 

These  floors  are  formed  of  concrete  webs  or  joists  containing  steel  reinforcement  with 
concrete  tubes  between,  the  upper  surface  of  the  latter  forming  the  top  layer  of 
concrete  and  the  lower  surface  the  soffit  for  plastering.  .Armoured  tubular  floors  can 
be  constructed  for  spans  up  to  30  ft. 

The    Christie    Patent    Stone    Co.,    Ltd..    were   e.xhibiting    samples    of    their    steps 
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in    various    qualities    and    textures,     also    balustrades    and    garden    ornaments,    sills, 
mouldings,  etc. 

The  T.  L.  Smith  Co.  were  showing  a  "  Smith  "  Mixer  with  feeding  hopper 
driven  by  an  electric  motor,  also  a  "  Smith  "  hand-driven  concrete  mixer  and  a 
"  Victoria  "  concrete  mixer  mounted  on  truck  and  fitted  with  side  loader  driven  by 
an  electric  motor. 

Among  the  other  exhibits  were  to  be  seen  "  Rok  "  Roofing,  made  bv  Messrs. 
D.  Anderson  and  Son,  Ltd.  Also  their  "  Storiflex  "  felt  and  "Bitumen"  sheeting; 
Messrs.  F.  McNeill's  asphaltic  roofing  felt  for  exterior  roofing,  and  a  thinner  asphalted 
felt  for  temporary  structures. 

Bells'  United  Asbestos  Co.  also  had  a  stand  at  this  exhibition,  showing  their 
"  Poilite  "  roofing  tiles  and  "  Poilite  "  asbestos  sheets. 

Vulcanite,  Ltd.,  had  on  view  at  their  stand  a  model  brick  building  with  a  flat 
roof  tastefully  laid  out  as  a  miniature  roof  garden,  the  roof  being  constructed  of  joists 
and  i-in.  T  and  G  boards  covered  with  patent  vulcanite  roofing.  They  also  showed 
a  water  tank  formed  of  g-in.  brick  walls,  the  bottom  and  sides  being  lined  with 
vulcanite  and  afterwards  bricked  in  with  white,  glazed  bricks. 

Messrs.  Roneo,  Ltd.,  were  showing  their  steel  doors,  which  are  suitable  for 
private  and  public  buildings  where  fire-resisting  material  is  used.  They  are  panelled  in 
any  style  desired  and  finished  in  art  colours  or  grained.  Steel  partitions  and  library 
shelving,  etc.,  were  also  to  be  seen  at  this  company's  stand. 
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THE  CCNCREIE  INSTITUTE. 


It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method  "we  are  adopting,  of  dimding  the  subjects  into  sections,  is,  ive  believe,  a 
netv  departure. — ED. 

THE  CONCRETE  INSTITUTE. 

HIGH  DAMS  OF  GREAT  LENGTH. 

THE   MASS   GRAVITY  TYPE   &   THREE   TYPES   OF   SPAN   DAMS. 
Paper  by  REGINALD   RYVFS.  Assoc.M.Insr.C.E. 

The  foUoiving  is  a)i  abstract  of  a  paper  read  by  Mr.  Regifiald  Ryves  before  the 
Concrete  Institute  on  March  i^th.  A)i  interesting  discitssio)i  follozved,  a  sionniary  of 
rvhich  is  also  given  below. 

This  paper  was  based  on  a  study  of  high  masonry  dams  of  such  length  that  they 
might  be  regarded  as  dams  proper,  and  in  no  sense  as  structures  partly  held  up  to 
their  work  by  the  sides  of  the  river  valleys. 

The  paper  was  confined  to  those  connected  with  the  building  of  dams  of  a  great 
length,  the  whole  of  which  length  was  more  than  140  ft.  clear  of  the  ground,  and  a  part 
of  which  might  be  as  much  as  i<So  ft.  or  more  to  hard  rock.  The  height  of  185  ft.  clear 
was  adopted  for  purposes  of  calculation.  The  subject  of  the  paper  was,  further,  kept 
^^  ithin  somewhat  close  limits  by  the  condition  that  the  highest  calculated  maximum 
stress  in  the  masonry  must  not  exceed  12  tons  per  sq.  ft.,  at  any  rate,  by  Bouvier's 
computation,  though  by  Unwin's  computation  a  somewhat  more  severe  stress  might  be 
allowed. 

There  were  four  distinct  types  of  dams  for  wide  \alleys,  and  entirely  excluding  the 
dam  which  was  a  single  arch,  in  plan,  and  the  dam  which  was,  in  its  lower  part, 
practically  a  plug  in  a  gorge.     The  four  types  were  : — 

1.  The  mass  dam  proper,   designed  on  the  ordinary  theory. 

2.  The  parallel  slice  dam,  designed  in  exacth  the  same  wa\ ,  but  with  more  con- 
centrated water  loads. 

3.  Captain  Garrett's  type,  or  the  dam  of  arches  in  wliich  the  weight  of  the  arclies 
was  partly  taken  into  account,  but  thr  dam  otherwise  designed  as  a  gravity  dam  with 
concentrated  water  loads. 

4.  The  author's  proposed  thrust  buttress  dam  of  arches,  in  which  the  whole  of  the 
water  load  was  taken  by  masonry  in  direct  compression,  and  neither  the  weight  of  the 
buttress  nor  the  weight  of  the  arch  was  taken  into  account  as  regards  stability,  except 
for  resistance  to  sliding  bodily  when  the  ground  was  comparatively  soft. 

As  regards  the  first  class,  the  mass  gravity  dam,  it  was  found  that  for  high  dams, 
above  150  ft.,  the  maximum  stress  increases  very  rapidly  indeed,  and  that  to  build  a 
dam  200  ft.  high  we  must  exceed  a  stress  of  12  tons  per  sq.  ft.  by  Bouvier's  computa- 
tion, and  greatly  exceed  it  by  Unwin's  computation. 

In  the  second  class,  which  was  one  type  of  the  dam  of  sjjans,  it  was  found  that  its 
height  was  limited  by  two  considerations.  First,  one  could  not  build  truly  parallel 
slices  of  more  than  some  limiting  height  without  side  buttresses.  If  the  sides  were 
sloped  the  strict  theory  no  longer  held  good,  and  we  \^ere  logically  led  to  Captain 
Garrett's  type,  in  which  the  weight  of  the  arches  was  partly  counted  upon  for  stability. 
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'J'hc  other  limiling  factor  uas  that  the  concentration  of  watei  loadt>  in  these  separated 
slices  increases  both  a  and    0  so  much  that  we  got  very  high  maximum  stresses. 

Since  the  weight  of  the  water  apron  was  not  taken  into  account  at  all  in  this  type, 
it  was  one  which  was  adapted  for  use  with  thin  arches  of  very  strong  stone,  or  a 
reinforced  concrete  beam  and  slab  arrangement,  for  the  water  aprun. 

The  third  type,  in  which  the  weight  of  the  arches  v\as  partly  taken  into  account, 
had  been  successfully  used  for  the  Agar  dam,  in  Rajputana,  a  dam  68  ft.  high, 
designed  and  built  by  Captain  A.  ff.  Garrett,  R.E. 

The  indeterminate  nature  of  the  stresses  was,  how  ever,  against  this  type  for  great 
heights,  but  with  small  gaps  and  large  buttresses  it  had  certam  advantages.  For 
instance,  with  the  bases  of  the  buttresses  merging  together  it  would  be  a  verv  good 
tvpe  for  through-sluices,  or  for  a  suitably  arranged  overflow. 

We  now  come  to  the  fourth  class,  the  author's  typical  design  for  a  thrust  buttress 
dam.  The  best  slope  for  the  water  face  was,  under  normal  conditions,  45°,  and  the 
dam  then  consisted  of  inclined  arches,  of  increasing  thickness  with  increasing  depth 
sloping  at  45°,  the  abutments  resting  against  the  up-stream  face  of  the  buttresses, 
v.hich  were  built  up  of  layers  all  inclined  at  45'-\  the  thickness  depending  upon  the 
material  used,  and  the  width  of  each  layer  being  such  that  the  thrust  upon  it  was 
the  maximum  allowed  thrust. 

The  calculation  of  thrust  was  made  by  adding  the  water  load  transmitted  to  anv 
[■lane  parallel  to  the  face  to  the  resolved  part  of  the  weight  of  masonry  above  the 
plane  in  question,  the  same  method  of  calculation  being  adopted  in  everv  part  of  the 
buttress.  The  resolved  part  of  the  weight  of  the  arch  was  in  each  case  added  to  the 
water  load.  The  water  loads  were  thus  transmitted  by  direct  thrust,  the  lavers  not 
being  bonded  together,  but  left  free  to  take  up  the  deformation  under  the  water  load 
by  sliding  on  one  another.  If  the  rock  would  not  take  the  load  at  an  angle  of  45°, 
the  water  face  might  be  made  flatter  and  longer,  and  the  buttresses,  ahvavs  at  right 
angles  to  it,  steeper  and  shorter.  The  typical  design  was,  however,  that  with  a 
45°  slope.  Every  part  of  the  dam  was  subject  to  the  same  stress  except  that  the  top 
layer  of  the  buttress  and  the  upper  part  of  the  arch  ring  might  have  respectively  a 
greater  width  and  a  greater  thickness,  the  minimum  in  each  case  for  the  materials 
used. 

This  adoption  of  a  general  stress,  instead  of  one  varying  from  nearlv  zero  to 
some  maximum,  was  an  important  element  of  economy. 

Such  a  dam  might  be  built  of  materials  which  were  not  suitable  for  the  rubble 
masonry  or  mass  concrete  of  a  mass  gravitv  dam.  For  instance,  slabs  of  limestone 
or  hard  shale  may  be  used,  both  in  the  arches  and  in  the  buttresses,  with  their  bedding 
planes  at  right  angles  to  the  direction  of  thrust,  or  it  may  be  built  with  blocks  of 
concrete.  On  the  other  hand,  it  coyld  be  built  of  rubble  masonry,  or  the  layers  could 
be  built  up  from  their  lovier  ends,  of  rammed  concrete  between  rubble  walls. 

The  definite  propositions  which  the  author  puts  forward  are  : — 

1.  That  there  is  no  precedent  for  the  building  of  a  mass  gravitv  dam  in  an  un- 
assisted length  more  than  150  ft.  clear  of  the  grc>und. 

2.  That  our  present  ideas  as  to  maximum  stresses  allow  of  the  building  of  such  a 
dam  for  heights  only  slightly  in  excess  of  this. 

3.  That  since  the  improbability  of  the  stress  actually  reaching  p  sec-^  increases 
as  the  slope  at  the  down-stream  toe  is  flattened,  we  ma\ ,  for  heights  above  150  ft. 
arid  for  angles  flatter  than  45°,  allow  one  maximum  computed  stress  for  p  sec=  a,  and 
a  computed  stress  for  p  sec^  -s-  ,  some  50  per  cent,  higher.  This  applies  both  to  mass 
gravity  dams  and  to  parallel  slice  gravity  dams,  and  perhaps  also  to  Captain  Garrett's 
battered  buttress  tvpe. 

4.  That  interrupted  dams,  the  gaps  being  spanned  by  horizontal  or  inclined  arches, 
or  bv  beams,  offer  the  important  advantages — 

(a)  Economy  of  material. 

(b)  Absence  of  contraction  cracks  and  temperature  stresses. 

(c)  Maintenance  of  waterway  during  construction. 

(d)  Cheapness  of  sluices. 

(e)  In  some  cases  a  wider  choice  of  materials  and  of  methods  of  building. 
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if)  And  that  tin-  iiUeiriiplicl  dam,  or  dam  of  spans,  may  be  considered  as  an 
alternative  to  tlie  mass  gravitv  dam  for  ^reat  hei|:*hts,  especially  as 
rcj^ards  the  heii^hl  clear  of  the  ground. 

5.  'I'hat  the  author's  design  for  a  thrust  buttress  dam  is  suital)le  for  hcigliis  up 
to  200  ft.,  with  materials  allowing  of  a  compression  stress  of  10  tons  per  sq.  ft.  and 
up  to  300  ft.,  if  a  stress  of  about  16  tons  per  sq.  ft.  be  allowable. 

6.  That  none  of  the  dams  at  present  built  are  thrust  buttress  dams,  either  as 
regards  the  method  of  building  or  in  practical  effect. 

7.  That  in  order  to  avoid  tension  near  the  up-stream  toe  of  a  high  mass  dam,  or 
of  a  gravity  buttress  in  a  dam  of  spans,  it  is  desirable  to  make  tlic  connection  witii 
ttie  rock  somewhat  as  follows  : — 

The  up-stream  third  of  the  base  a  flat  surface  x^ith  no  bonding  and  )i<)  Irciicli. 
The  middle  third  bonded,  but  not  deeply  trenched. 

The  down-stream  third  effectively  bonded  with  the  rock  cut  in  faces  at  right 
angles  to  the  thrusts  of  the  masonry. 

8.  That  when  a  high  dam  is  to  be  built  with  a  large  part  of  its  total  height  from 
foundations  below  the  bed  of  the  reservoir,  it  may  be  worth  while  to  relieve  that  part 
of  the  uDstream  face  from  water  load  by  directly  draining  it  through  the  dam. 

q.  That  dams  in  the  tropics,  or  near  the  tropics,  with  down-stream  faces  towards 
the  Equator,  or  facing  east  or  west,  may  with  advantage  be  provided  with  temperature 
skins  to  a  depth  d^-pending  on  the  extent  to  which  daily  or  annual  changes  in  tempera- 
ture deprive  the  outer  shell  of  the  face  of  its  value  as  material  resisting  compressive 
stress. 

10.  That  a  long  and  high  mass  dam  may  usually  be,  with  advantage,  built  with 
gaps  in  the  masonry  across  the  length,  these  gaps  being  filled  when  the  temperature 
of  the  dam  is  judged  to  be  nearly  at  or  a  little  below  its  future  mean  temperature.  If 
cracks  are  specially  to  be  guarded  against,  the  gaps  may  be  filled  at  the  end  of  the 
cool  season  and  after  the  temperature  of  setting  has  subsided — that  is,  when  the 
average  temperature  of  the  masonry  is  at  its  lowest. 

11.  That  the  grading  of  material  in  a  large  dam  should  be  such  that  the  large 
stones  are  not  "  plums  "  or  displacers,  but  play  the  part  of  the  stone  in  ordinary 
concrete. 

DISCUSSION. 

Mr.  Charles  F.  Marsh,  M.last.C.B.  —He  should  like  to  ask  the  author  if  the  parallel 
sliced  dam  was  formed  of  buttresses  with  ])arallel  sides,  in  contradistinction  to  those  with 
wedged-shape  buttresses,  and  that  therefore  the  arch  was  always  of  the  same  span  all  the  wa\ 
down.  He  did  not  C]uite  understand  how  the  arches  of  the  parallel  sliced  dam  abut  on  to  the 
slices. 

The  form  of  dam  v/hich  the  author  advocates  was  new  to  him,  and  it  appeared  to  be 
an  extremely  good  form  of  dam  and  an  extremely  economical  one. 

The  author  stated  that  a  reinforced  concrete  dam  could  not  be  built  to  any  considerable 
height;  but  he  would  like  the  author  to  state  the  limits  to  which  the  ordinary  type  of 
reinforced  concrete  dam  with  a  slab  and  buttresses  could  be  built.  The  great  advantage  of  a 
reinforced  concrete  dam,  of  course,  was  this  :  that  there  was  absolutely  no  pressure  on  the 
other  side,  because,  of  course,  you  could  drain  if  there  was  a  wall  along  the  toe  down  to  the 
impervious  strata  ;  any  upward  pressure  was  relieved  at  once  by  letting  it  drain  through  the 
base  of  the  dam  and  so  down  stream.  The  other  advantage  was  that  the  pressure  on  the 
foundations  was  evenly  distributed  throughout.  It  was  not  in  the  form  of  a  triangle  ;  it  was 
almost  in  the  form  of  a  rectangle.  In  the  case  of  the  dam  described  a  similar  thing  occurred 
at  the  buttresses.  He  wondered  if  the  author  had  taken  into  account  the  vertical  component 
of  the  pressures  on  this  dam.  With  the  height  of  the  dam,  of  course,  there  woidd  be  a  certain 
weight  of  masonry  underneath  the  apex  which  would  be  distributed  over  the  whole  width  of 
the  buttresses,  and  there  would  also  be  a  considerable  pressure  due  to  the  water  on  an  inclined 
face  of  I  to  I.  Although  the  pressure  was  evenly  distributed  by  having  a  flatter  slope  on  the 
water  face  it  was  also  greatly  increased  ;  the  vertical  component  at  any  rate  was  very  greatly 
increased.  He  did  not  know  whether  he  had  ever  taken  out  the  vertical  pressure  which  he 
would  get  vertically  under  the  apex  of  the  dam.  There  were  one  or  two  more  things  he  would 
rather  like  to  know.  One  was  as  to  the  draining  of  the  upstream  face  below  the  bed  of  the 
river  or  the  surface  of  the  ground.  He  did  not  know  what  the  conditions  were  in  India,  and 
there  might  be  a  waterproof  sealing  of  the  surface  of  the  ground  very  soon  :  but  in  England 
it  would  be  an  extremely  dangerous  thing  to  put  drains  through  at  the  bottom  of  your  dam — 
it  would  probably  empty  _\our  reservoir.  He  supposed  that  would  not  occur  in  India. 
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He  also  did  not  quite  understand  what  was  meant  about  plums.  He  had  always  thought 
that  the  great  thing  to  be  aimed  at  when  putting  in  big  blocks  of  stone  in  concrete  as  plums 
was  to  keep  them  apart  and  properh-  surround  them  with  the  ordinary  concrete,  the  concrete 
mixed  in  the  proper  proportions  to  prevent  leakage  of  water.  It  was  an  extremely  economical 
thing  to  do  to  put  in  large  blocks  of  stone,  and  the  concrete  was  none  the  worse  for  it;  but 
he  should  have  thought  that  those  stones  should  certainly  be  kept  from  four  to  six  inches  apart 
at  the  least. 

/Mr.  Ewart  S.  Andrews,  B.Sc.  CLoad.).— His  knowledge  ou  the  subject  of  dams  was 
restricted  to  the  theoretical  consideration  of  the  case.  He  had  had  no  experience  of  the 
practical  construction  of  them,  but  had  the  good  fortune  of  being  at  University  College  some 
eight  years  ago,  working  with  Professor  Pearson  at  the  time  that  he  was  working  with  Mr. 
Atcherley  on  the  subject  of  the  stability  of  dams ;  and,  as  they  were  probably  aware,  the 
result  of  the  investigation  was  a  paper  which  raised  a  very  large  amount  of  discussion  amongst 
those  interested  in  the  construction  of  dams.  The  whole  of  the  ordinary  theory  of  dams  was 
based  upon  an  assumption  that  the  masonry  was  an  elastic  material,  which  assumption  was 
probably  considerably  far  from  the  truth.  As  far  as  he  knew,  nearly  all  the  dams  that  had 
been  designed  had  been  based  upon  the  well-known  law  of  the  middle  third,  and  it  had  always 
seemed  to  him  to  be  a  very  happy  accident  if  it  happened  to  agree  with  the  result  in  practice. 
It  was  on  account  of  the  extreme  difficulty  of  the  satisfactory  ttieoretical  treatment  of  the 
ordinary  gravity  dam  that  they  should  be  rather  careful  how  they  approached  the  subject. 

He  was  rather  surprised  that  no  reference  had  been  made  to  the  consideration  of  the 
stresses  in  dams,  based  upon  the  points  which  were  raised  by  Professor  Pearson  in  the  paper  to 
which  he  had  referred.  That  paper  was  principally  to  direct  attention  to  the  tensile  stress  in 
the  toe  of  the  dam,  caused  by  the  upward  pressures  acting  upon  the  toe  as  a  cantilever  and 
thus  causing  tensile  stresses  in  vertical  sections.  Later  on.  Professor  Pearson  carried  out  some 
further  experiments  on  jelly  models  of  dams  ;  and,  although  they  found  very  great  difficulty 
in  getting  results  that  were  sufficiently  consistent  to  enable  them  to  initiate  any  scientific  theor\-, 
their  result  was  that  one  of  the  most  important  points  to  allow  for  was  the  bonding  of  the 
dam  to  its  substratum.  He  would  like  the  author  to  say  whether  he  considered  Professor 
Pearson's  investigations  insufficient  in  that  respect. 

Mr.  E.  Fiaadsr  Etchells,  F.Pbys.Soc.  —  In  regard  to  Garrett's  design,  there  was  one 
point  in  Garrett's  design  which  he  would  like  to  draw  their  attention  to,  because  it  was  not 
always  attended  to  in  the  arched  dams.  Garrett  had  his  arches  at  the  arc  of  a  circle.  That, 
he  thought,  would  be  quite  correct,  because  the  pressure  of  the  water  was  radial  in  every 
direction,  and  if  you  could  complete  the  arch  you  would  get  a  circle  of  radial  pressures  in 
which  the  lines  of  stress  would  be  running  in  a  curved  form.  Sometimes  the  design  would 
be  rather  too  flat,  as  though  the  pressures  coming  upon  them  were  parallel  to  one  another 
instead  of  being  radial,  and  the  effect  of  the  radial  pressures  was  manifested  to  develop  in  the 
lines  of  resulting  pressure. 

Mr.  S.  Bylander.  —  One  point  that  very  often  was  forgotten  in  considering  the  right 
theory  to  apply  in  connection  with  the  dam  was  this,  that  many  assume  a  dam  to  stand  on 
rock  which  is  not  elastic  and  which  will  not  give  under  pressure  to  any  considerable  extent. 
This  was,  of  course,  not  the  case.  The  "rock  would  give  or  change  its  thickness  in  a  similar 
way  as  a  structure  subjected  to  stress  would.  It  could  be  demonstrated  very  nicely  and  very 
simply  by  making  a  section  of  a  dam  in  jelly  and  subjecting  one  side  to  pressure.  Then  it 
could  easily  be  seen  how  the  jelly  was  deformed  and  showed  the  intensity  of  the  pressure. 
Suppose  you  took  a  section  and  drew  a  horizontal  and  vertical  line,  thus  producing  squares, 
then  by  producing  a  pressure  on  one  side  of  the  dam  the  squares  would  be  deformed,  and  the 
more  they  were  deformed  the  greater  the  pressure.  There  must  be  a  difference  in  pressure  at 
different  layers. 

Monsieur  Maurice  BSliar.—lie  did  not  see  any  reason  why  reinforced  concrete  was  not 
suitiible  for  high  dams.  He  thought  high  dams  in  reinforced  concrete  could  be  done  all  right. 
They  certainly  would  be  very  much  cheaper.  The  second  question  would  be  the  question  of 
excavations.  By  the  distance  between  two  buttresses  the  excavations  would  be  reduced 
considerably.  It  might  be  that  in  high  dam  construction,  if  reinforced  concrete  was  adopted, 
the  cost  might  come  down  perhaps  50  per  cent.  He  personally  knew  works  of  that  kind. 
There  was  one  called  Barrage  de  Furens,  near  St.  Etienne,  built  by  M.  Hirsch.  Professor  at 
the  Ponts  et  Chausses  School.  While  he  was  receiving  his  education  in  engineering  there 
M.  Hirsch  built  a  dam  for  the  distribution  of  the  waters  for  a  canal  going  from  the  Rhone. 
This  dam  was  done  in  masonry,  and  this  masonry  was  working  in  many  parts  in  tension  by 
a  kind  of  arrangement.  He  did  not  remember  exactly  which  way,  but  if  you  compared  the 
size  and  the  thickness  of  the  wall  at  the  bottom  with  any  dam  erected  in  other  parts  of  the 
world  the  thing  was  absolutely  an  exceptional  one.  He  thought  the  figures  were  7  or  8  metres 
at  the  bottom  for  a  height  of  50  or  60  metres  of  water.  The  dam  had  existed  more  than 
thirtv-five  years. 
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Mr.  A.  Albaa  H.  Scott,  M.S. A.,  M.C.I.  -  With  rej^ard  to  reinforced  concrete  dams,  the 
^ntithor  simply  made  the  statement  that  they  cannot  be  done  to  a  great  height.  He  did  not  give 
the  reasons,  and  he  (Mr.  Scott)  thought,  with  Monsieur  IJehar,  that  there  could  not  be  an> 
reason  if  you  can  build  in  slab  concrete  to  any  height  why  >ou  cannot  build  in  reinforced 
concrete,  e.xcept  as  relaxing  reinforced  concrete  upon  steel  for  certain  stresses  for  getting  such 
•enormous  heights,  espe(iall\  in  a  place  like  India,  the  question  of  variations  of  temperature, 
the  expansion  of  the  dam  might  entirely  throw  out  all  one's  calculations  for  portions  of  it. 
]hit  that,  after  all,  was  perhaps  only  a  question  of  the  thickness  of  the  protection  to  the  steel. 
But  from  an  engineering  calculating  i>oint  of  view  he  did  not  see  why  there  should  be  any 
difficulty. 

In  a  very  small  little  dam,  the  hr^t  one  he  ever  erected,  they  put  up  one  of  15  ft.  high, 
exactly  on  the  same  principle  as  that.  It  had  answered  quite  well ;  they  get  sudden  shocks  of 
water  on  it.  He  did  not  see  why  that  si  ould  not  be  continued  up  another  ten  or  fifteen  or 
twenty  times  that  height. 

Mr.  W.  Perkins.— The  author  had  .stated  that  it  was  impossible  to  construct  a  dam  in  that 
form  with  reinforced  concrete,  and  other  speakers  had  dealt  with  that  point.  He  wanted  to 
ask  if  it  would  be  possible  to  construct  a  dam  of  that  section  in  a  compound  way  by  using 
masonry  for  one  jKJrtion  of  it — the  buttresses — and  by  using  reinforced  concrete  as  a  slab 
instead  of  the  arches? 

Mr.  R.  Dudley,  Assoc. M. Inst. C.E.— The  author  had  treated  the  substratum  on  which  the  dam 
rested  as  if  it  were  known  before  he  had  designed  the  dam.  In  a  dam  that  he  was  connected 
with  in  South  Wales  they  made  some  beautiful  calculations,  but  when  they  came  to  excavate 
the  rock  and  drill  holes  to  strike  a  vein  of  sand  going  down  about  50  ft.  in  one  place,  and  a 
little  bit  further  on  they  struck  on  an  old  coal  lift,  so  that  any  calculations  made  were 
based  on  the  assumption  that  you  w-ere  going  to  meet  rock  and  strata.  He  thought  Mr.  Ryves 
was  going  to  treat  the  middle  third  in  one  way  and  the  up-stream  third  in  another  and  the 
down-stream  third  in  another,  tension  and  bonding,  and  not  bonding,  gradually  increasing 
bonding  from  the  front  to  the  back.  Well,  if  a  vein  of  top  sand  was  struck,  and  you  had  to 
go  down  to  your  concrete  or  your  puddled  trench,  it  would  be  very  interesting  if  the  author 
would  kindly  explain  how  he  would  get  over  such  a  state  of  things  as  that. 

The  Chairman  (Mr.  E.  P.  Wells).  —  He  personally  did  not  see  why  reinforced  concrete 
should  not  answer  with  the  heights  shown,  and  also  give  a  very  considerable  saving  in  cost. 
The  suggestion  that  he  would  like  to  make  himself  was  this  :  that  for  a  height  of  100  ft.  up, 
instead  of  the  author's  thrust  buttress  being  at  a  centre  of  60  ft.,  he  should  bring  it  to  30  ft. 
centre,  so  that  the  arches  on  the  face,  to  resist  the  water  pressure,  would  be  a  30  ft.  central 
span,  as  against  60  ft.,  and  so  only  have  a  quarter  of  that  thrust.  It  then  became  a  question 
as  to  whether  the  extra  amount  of  material  that  would  have  to  be  put  into  the  buttress  w^ould 
cost  more  than  the  extra  material  put  into  the  arch  for  a  60  ft.  span  as  against  a  30  ft.  span. 

One  practical  suggestion  he  would  like  to  make  was  that  if  the  author  constructed  a  dam 
•of  that  size  again,  instead  of  having  a  perfectly  plain  surface  on  the  face,  that  it  should  all 
be  in  a  series  of  steps  of  about  18  in.,  because,  in  erecting,  you  could  carry  the  wdiole  of  the 
scaffolding  along  with  perfectly  level  bottoms,  and  it  could  be  lifted  up  from  the  top  to  the 
bottom,  and  the  same  scaffolding  used  throughout  the  entire  length  ;  wdiereas,  if  you  had  a 
plain  surface  that  anything  could  slide  upon,  it  became  a  most  difficult  matter  for  construction 
and  very  much  more  costly.  Instead  of  having  the  face  of  the  dam  at  this  angle  of  45  degrees, 
step  it  all  the  way  down,  and  it  follows  that  on  the  same  scaffolding,  with  all  your  cranes  on  it, 
you  could  do  the  whole  of  the  work  from  one  end  to  the  other.  As  the  other  series  is 
constructed,  so  it  could  be  lifted  up. 

W'ith  regard  to  the  question  of  reinforced  concrete,  he  did  not  see  any  reason  why  it 
should  not  be  done  in  that  material.  In  fact,  the  stresses  that  the  author  showed  on  the  stone- 
work did  not  amount  to  more  than,  he  thought,  10  tons  a  foot  on  the  base.  It  was  a  very 
poor  plain  concrete  that  would  not  resist  the  ten  tons  a  foot,  and  even  the  Ivondon  County  Council 
permit  twelve,  so  that  if  we  put  this  in  reinforced  concrete  the  cost  could  very  considerably 
be  reduced.  In  fact,  if  the  author  were  to  go  into  the  matter  carefully,  even  with  the  increased 
cost  of  cement  in  India,  he  would  find  the  maximum  total  weight  that  he  would  have  in 
his  foundations,  if  in  reinforced  concrete  work,  would  possibly  not  exceed  five  to  six  tons  per 
square  foot,  especially  when  you  could  take  into  account  that,  if  he  worked  his  buttresses  at 
centres  of  about  60  ft.  and  inverted  the  arches  in  between  the  sixty,  he  had  got  an  enormous 
area  over  which  to  distribute  his  load. 

The  Author's  Reply.- He  might  say  first  that  he  had  not  made  calculations  to  show  that 
a  reinforced  concrete  dam  up  to  280  ft.  high  on  the  princijile  of  his  thrust  buttress  dam  could 
or  roiild   not  be  built.      He  said   that   reinforced  concrete  could   not   be  used   economically    for 
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very  large  dams,  and  he  had  no  doubt  whatever  that  there  was  a  limit  in  height  under  ordinary 
circumstances  beyond  which  the  reinforced  concrete  dam  became  too  expensive  simply  because 
the  materials  were  too  expensive. 

Under  different  circumstances,  of  course,  it  was  possible  that  a  reinforced  concrete  dam 
could  be  built  to  a  great  height ;  and  such  a  case  was  that  of  the  Furens  dam,  which  was 
183  ft.  in  height  and  was  built  to  a  radius  only  828  ft.  in  a  narrow  gorge.  A  dam  of  that 
sort  might  very  well  be  built  of  reinforced  concrete  ;  but  his  paper  was  really  confined  to  the 
consideration  of  the  case  of  a  dam  across  a  wide  valley.  An  enormous  quantitj^  of  material 
was  wanted  and  you  must  spread  out  your  loads  upon  a  large  base,  and  you  did  not 
want  to  concentrate  your  loads.  If  you  have  a  material  which  would  carry  easily  20  tons  to 
the  sq.  ft.,  and  by  means  of  that  material  you  transmitted  loads  down  to  the  ground  and  then 
had  to  spread  it  all  out  again  to  bring  it  down  to  the  tons  per  sq.  ft.,  that  is  an  expensive 
process.  It  can  very  readily  be  done  for  security  and  safety  of  calculation,  but  it  was  an 
expensive  process. 

It  seemed  to  him  that  the  thrust  buttress  type  of  dam  hits  the  happy  mean  in  collecting  the 
water  loads  and  concentrating  them  only  to  a  small  extent,  so  that  it  only  had  to  spread  them 
out  again  to  a  small  extent  when  it  reached  the  rock,  or  not  perhaps  spread  them  out  at  all. 

Mr.  Marsh  had  asked  whether  his  parallel-  sliced  dam  was  intended  to  be  on  the  theoretical 
side,  so  that  the  arches  are  all  the  same  span  the  whole  way  up — the  arches  or  spans,  whatever 
it  might  be.  That  was  so.  The  point  in  connection  with  that  type  was  that  you  avoided  going 
away  from  the  ordinary  theory  altogether.  If  the  theory  would  hold  in  the  case  of  a  buttress 
with  the  sides  exposed — vertical  sides — you  did  not  want  to  tempt  providence  any  further  by 
differing  the  size  or  by  altering  the  shape  in  any  way ;  you  wanted  to  treat  it  as  if  it  were  a 
portion  of  an  ordinary  mass  gravity  end. 

Then,  as  to  the  reinforced  concrete,  he  had  been  told  that  small  reinforced  concrete  dams 
had  been  built  and  not  thrust  buttress  dams  because  they  were  calculated  as  gravity  dams. 
Those  who  were  interested  in  the  matter  would  find,  after  going  into  it,  that  no  dam  had  been 
designed  as  a  thrust  buttress  dam.  Several  dams  in  America  had  been  designed  with  the  same 
relations  being  placed  upon  the  fact  that  the  part  of  the  water  load  was  transmitted  to  the 
rock  directly  ;  but  those  dams  were  designed  as  gravity  dams  on  the  toppling-over  theory. 
The  other  portions  of  them  were  not  so  placed  that  they  transmitted  water  thrust  direct  to  the 
bottom.  Even  small  dams  did  not  quite  act  as  thrust  dams:  they  transmit  the  lower  part  of  the 
water  load  to  the  rock  direct,  but  not  the  other  part  of  it.  As  to  Mr.  Marsh's  other  point, 
about  keeping  the  plums  apart,  he  certainly  did  contemplate  keeping  them  quite  a  foot  apart. 

In  working  out  the  question  whether  there  was  tension  in  the  under  side  of  the  dam  or 
not,  he  went  on  modifying  the  straight  line  distribution  of  pressure  until  he  found  there  was 
no  tension,  but  adopting  the  straight  line  theory  of  distribution  of  pressures  under  the  dam 
found  that  instead  of  working  in  horizontal  layers  the  usual  way  in  which  you  worked  out  the 
stresses  in  a  mass  dam  by  dividing  it  into  imaginary  horizontal  layers  and  dividing  it  into 
imaginary  vertical  layers,  he  found  definitely  that  he  got  strong  tension,  and  modified  his 
curve  of  pressures  until  he  got  no  tension. 

As  regards  the  bonding  into  the  rock  on  the  upstream  side,  he  did  not  believe  in  making  a 
trench  on  the  upstream  toe  at  all,  because  that  caused  tension.  He  worked  out  a  number  of 
mathematical  examples  in  the  same  way,  working  imaginary  theoretical  strips,  and  assuming 
the  dam  was  fixed  at  the  upstream  toe  and  afterwards  assuming  it  was  fixed  at  the  upper  half, 
middle  half,  and  towards  the  downstream  end.  If  you  worked  it  out  graphically,  you  get  very 
severe  tension  in  the  under  side  of  the  dam,  which  was  only  natural. 

As  for  building  high  dams  in  reinforced  concrete,  he  had  not  worked  out  examples,  but 
his  point  was  that  those  who  think  they  could  be  built  had  better  work  out  the  examples. 

As  to  what  he  should  do  if  he  came  upon  a  deep  crevice  in  the  rock,  he  would  fill  the 
crevice  up  with  masonry  and  reduce  the  surface  as  far  as  possible  to  a  surface  similar  to  the 
rock.  But  if  it  was  near  the  downstream  toe,  he  would  bury  it  right  into  the  dam.  If  near  the 
upstream  toe,  he  would  fill  it  up  and  lift  it  up  to  the  level  of  the  rock  as  far  as  possible.  But, 
of  course,  with  a  very  irregular  boltom,  you  could  not  evolve  any  theoretical  ideas  to  make 
your  foundations  in  that  case.  You  take  every  advantage  of  every  case  which  is  more  or  less 
at  right  angles  to  \our  thrust  and  use  that. 

As  to  the  Chairman's  point  about  the  buttresses  being  close  together,  the  buttress  was  38  ft. 
wide  in  the  front,  and  that  means  that  the  span  of  the  arches  was  very  small. 

The  Meeting  then  terminated. 
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AT    HOME    AND    ABROAD. 

Under  this  heading  reliable  information  ivill  be  presented  of  neiv  ivorks  in  course  of 
construction  or  completed,  and  the  examples  selected  ivill  be  from  all  parts  of  the  -world. 
It  is  not  the  intention  to  describe  these  ivorks  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  ivhich  serucd  as  a  casts 
for  the  design, — ED. 


REINFORCED   CONCRETE   BRIDGE    AT   UNIVERSITY    COLLEGE,  CORK. 

A  KKiM'oKCKD  concrcte  bridge  has  recently  been  erected  ovtr  iIk-  RIvlt  Lee  in  Lhe 
j^rounds  of  University  College,  Cork,  from  the  designs  of  Mr.  J.  11.  de  Warenne 
Waller,  B.E.,  who  is  now  acting  as  Assistant  Engineer  in  llic  construction  of  the 
reinforced  concrete  bridge  over  the  Suir  at  Waterford. 

The  bridge  is  72  ft.  long  over  all,  68  ft.  between  abutments,  and  gives  a  roadway 
of  16  ft.  wide.  Its  artistic  appearance  will  be  seen  from  the  view  given  in  the  frontis- 
piece to  this  issue.     It  is  of  the  girder  type  with  panelled  sides  and  latticed  parapets. 

The  reinforcement  consists  of  plain  round  mild  steel  bars.  The  main  reinforce- 
ment in  the  girders  was  placed  in  two  layers  separated  by  i  in.  of  concrete  to  make 
provision  for  the  transference  of  stress  from  the  steel  to  the  concrete ;  the  bars  in  the 
upper  layer  were  bent  up  into  the  slab  at  various  points  as  soon  as  the  bending  moment 
diagram  permitted.  Special  bars  were  used  over  the  centre  support  to  provide  for 
continuous  beam  action.  The  bars  in  the  lower  layer  were  allowed  to  overlap  6  ft.  to 
guard  against  tensile  stresses  that  might  occur  should  any  settlement  take  place  in 
the  central  pier.    All  the  main  bars  terminated  in  crooks  to  provide  efiftcient  anchorage. 

The  concrete  was  mixed  in  the  proportions  of  1:2:4.  The  lattice  panels  of  the 
parapet  were  cast  separately  and  afterwards  fixed  in  position. 

The  contractor  was  Mr.  Antony  Gaul,  of  Cork,  who  carried  out  the  work  to  the 
satisfaction   of   all  concerned. 

Since  the  completion  of  this  bridge  and  the  long  span  (40  ft.)  floors,  stairs,  lecture 
galleries,  etc.,  in  the  new  Science  Laboratories  of  the  College,  which  were  also  carried 
out  in  reinforced  concrete  to  Mr.  Waller's  designs,  the  degree  students  under  Mr.  H.  C. 
Johnson,  the  present  demonstrator,  have  designed  and  followed  the  construction  of 
a  new  floor  in  reinforced  concrete  for  their  drawing  office,  with  stairs  in  the  same 
material  to  the  floor  below.  It  will  therefore  be  seen  that,  having  once  proved  the 
advantages  of  using  reinforced  concrete  the  authorities  of  University  College  are 
continuing  to  use  this  material    wherever  possible. 

REINFORCED    CONCRETE    BRIDGE   AT   GOODWICK, 

The  bridge,  an  illustration  of  which  is  shown  t>n  this  page,  has  a  skew  span  of  20  ft. 


Reinforced  Concrete  Bridge  at  Goodwick. 
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and  is  20  ft.  wide  between  parapets.  The  deck,  parapets,  and  piers  are  constructed  in 
reinforced  concrete  on  the  Hennebique  system. 

The  deck  consists  of  a  5-in.  slab,  with  seven  S-in.  by  14-in.  beams  under,  reinforced 
with  ordinary  round  steel  bars  and  hoops,  in  accordance  with  the  Hennebique  practice. 
The  abutments  were  constructed  in  mass  concrete. 

The  bridge  was  carried  out  in  two  halves,  to  prevent,  as  far  as  possible,  any  inter- 
ruption of  traffic.  It  was  tested  with  a  25-ton  moving  load  with  verv  satisfactorv 
results. 

The  contractors  were  Messrs.  Hobrough  &  Co.,  of  Gloucester. 

A    CONCRETE    FILTRA- 
„  TION    PLANT    AT 

i  CENTRE  ISLAND. 

TORONTO. 

The  filtration  plant  which 
has  just  been  completed 
at  Centre  Island,  Toronto, 
is  constructed  practically 
entirely  of  concrete  and 
covers  more  than  twelve 
acres. 

The  filter  beds  are 
312  ft.  by  117  ft.,  six  of 
them  being  located  on 
either  side  of  a  central 
court,  in  which  is  situated 
the  regulating  houses,  the 
entrance  houses,  the  me- 
chanical sand  washers, 
and  the  sand  storage  bins, 
together  with  the  great 
number  of  pipe  lines  vary- 
ing in  diameter  from 
72  in.  down  to  24  in.  At 
one  end  of  one  row  of  the 
filters  is  located  a  pure 
water  reservoir  312  ft. 
square,  from  which  the 
filtered  water  is  taken  to 
the  city.  All  of  the  filters 
and  the  reservoirs  have 
concrete  groined  arched 
roofs,  inverted  groined 
arch  floors,  concrete  piers, 
division  walls,  and  outer 
walls.  The  piers  in  the 
filters  are  opened  13  ft. 
on  centres  and  are  square. 
In  the  pure  water  reser- 
voir the  spacing  is  the 
same,  and  an  idea  as  to 
the  large  number  of  piers 
erected  in  this  entire  work 
mav  be  obtained  by  ob- 
serving that  in  the  reser- 
voir there  are  529  and  2,208  in  the  twelve  filters.  The  height  of  the  reservoir  is  13  ft., 
while  the  walls  are  14  ft.  and  the  average  3  ft.  in  thickness,  the  corresponding  figures 
for  the  filters  being  11  ft.  and  3  ft.  3  in.  For  purposes  of  ventilation  concrete  manholes, 
made  with  the  steel  forms,  have  been  erected  in  the  centre  of  every  other  square  of  the 
columns,  being  spaced  26  ft.  centres  both  ways,  and  it  should  be  noted  here  that  the 
facilities  for  placing  material  inside  of  the  filters  were  increased  by  their  use. 

The  concrete  was  generally  mixed  in  proportions  of  one  barrel  of  Portland  cement, 
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7  cu.  ft.  of  sand,  and  \2  vu.  ft.  of  ballast,  ranginj^  from  j  in.  to  2  in.  By  an  endless 
cable,  side  dunipinj^  cars  were  hauled  from  the  lake  shore,  where  were  located  the 
sand  ])iles  and  the  stt)ne  screens,  to  either  one  of  two  Ransome  mixing  plants.  Here 
the  material  was  elevated  by  tower  arrangement  into  the  bins  over  the  mixer  sujjer- 
hopper.  Concrete  was  discharged  from  the  Ransome  mixer  on  to  a  platform  with 
chutes  leading  to  the  cars.     With  this  arrangement  continuous  mixing  was  possible. 

As  to  the  general  operation  of  the  filters,  it  may  be  said  that  from  the  low- 
lift  pumping  station  located  on  the  lake  shore  side  of  the  filters  the  water  is  forced 
through  a  72-in.  reinforced  concrete  pipe,  from  which  36-in.  reinforced  branches  are 
taken  off  at  right  angles  to  the  inlet  chambers  under  each  entrance  building,  each 
branch  supplying  two  filters.  Upon  entering  the  filters  the  water  is  spread  over  the 
surface  of  the  sand  to  a  depth  of  36  in.  to  48  in.,  and  then  successively  passes  through 
3  ft.  6  in.  of  speciallv  cleaned  and  graded  sand  and  three  layers  of  broken  stone  and 
gravel. 

After  percolating  through  these  materials  the  filtered  water  is  collected  in  lo-in. 
split  tile  pipes,  laid  in  parallel  rows  at  intervals  of  13  ft.,  at  right  angles  to,  and 
emptying  into,  a  main  drain  concrete  box  6  ft.  wide.  These  drains  are  covered  with 
a  reinforced  concrete  slab  and  empty  into  24-in.  cast-iron  effluent  pipes,  one  of  which 
leads  from  each  filter  to  a  regulator  house.  Each  of  these  pipes  is  provided  with  a 
Venturi  meter.  After  passing  through  the  regulator  house,  also  built  of  concrete,  the 
water  is  then  delivered  by  64-in.  and  72-in.  concrete  pipes  to  the  pure  water  reservoir 
previously  described.  From  this  point  it  connects  with  a  6-ft.  steel  pipe  which  run^ 
across  the  island  to  the  tunnel  leading  under  the  bay  and  thence  connecting  to  the 
main  pumping  station  on  the  Toronto  shore. 

The  office  building  has  been  erected  entirely  of  concrete,  and  is  two  stories  high 
with  basement.  Bv  rubbing  and  finishing  the  walls  of  this  building  with  carborundum 
brick  a  finish  not  unlike  white  marble  was  made  possible. 

REINFORCED   CONCRETE  STOREHOUSE   FOR  THE   GENERAL    ELECTRIC 
CO.    AT   SCHENECTADY,  N.Y. 

The  new  storehouse  of  the  General  Electric  Co.  at  Schenectady,  N.Y.,  is  387  ft.  long- 
by  73  ft.  wide,  and  five  stories  in  height,  and  was  built  from  the  footings  to  the  roof  in 
39    working    days.       In    this    time    6,100    cu.    yds.    of    concrete    and    approximately 
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1,180,000  lb.  of  reinforcing  steel  were  placed.     The  followino  particulars  of  the  work 
are  taken  from  an  article  in  our  contemporary,  The  Cement  Age. 

In  addition   to  the  storehouse  a  new  machine  shop  was  built  at  the  same   time 
Ihis  buildmg  is  also  five  stories  in  height,  and  83  ft.  wide  by  403  ft.  long. 

In  both  buildings  reinforced  concrete  was  used  throughout.     The  second  floor   of 


Ind  Wtf  f?"''"^"'^  'T   ^"'JS"'^^  '°  '""''y  ^"°  1^-   ^°    the  sq.    ft.   live  load,   the   third 
aesigned  tor  a  live  load  of  200  lb.  to  the  sq.  ft.  throughout 

In  the  machine  shop  building  the  bays  are  27  ft.  bv   16  ft.     The  beams  run  across 
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ihu  buildinif  and  are  spaced  S  ft.  an  centres,  fraininj^  into  llie  columns  and  into  the 
centra  of  ilie  longitudinal  girders  allernati-ly.  'lire  keynote  in  the  design  of  these 
buildings  is  niaxinuiin  econonix  in  the  amount  of  steel  and  concrete  required.  Cold 
twisted  l>ars,  th<'  |jilch  of  the  twist  jjeing  nine  diameters  of  the  rods,  were  used  through- 
out.    These  rods  have  an  elastic  limit  of  55,000  1!).   per  sq.   in. 

The  concrete    was   mixed   in   the  proportion   of    1    part    Portland   cement,    2   parts 
sand,  and  4  parts  broken  stone;  in  the  columns  a    1--'-^  mixture  was  used. 


Interior  of  Secuiid   F'loor.   Macliine  Shop. 
The  General  Electric  Co.'s  Plant,  Schenectady,  N.V. 


The  exterior  columns  are  of  the  Hennebique  t\"pe,  while  the  interior  columns, 
in  order  to  reduce  their  size,  were  hooped  spirally.  The  largest  column  was  32  in. 
from  face  to  face  of  the  octagonal  concrete  form.     The  spiral  was  28  in.  in  diameter. 

The  beams  throughout  the  building  were  designed  as  T  beams  with  uniform 
stems,  thus  making  very  few  changes  necessar\'  in  the  forms  and  effecting  a  con- 
siderable saving  in  the  cost  of  same. 

The  arrangement  of  the  reinforcing  in  the  beams  .and  in  the  flange  of  the  T  section 
is  vcrv  interesting.  In  the  centre  of  each  beam  and  near  the  top  of  the  floor  slab  is 
located  a  loop  bar  extending  the  full  length  of  the  girder.  This  bar  is  supported  on 
blocks  resting  on  the  floor  forms,  which  are  knocked  out  as  the  concreting  progresses. 
From  this  loop  bar  all  of  the  reinforcing  bars  in  the  beams  are  suspended  by  means  of 
|-in.  stirrups  bent  in  the  form  of  a  W.  One  of  the  principal  functions  of  the  loop  bar  is 
to  bind  the  stem  of  the  beams  into  the  slab,  which  it  does  by  having  every  other  slab 
bar  cross  underneath  it,  while  the  stirrups  come  up  over  it,  thus  'giving  a  perfect  dis- 
tribution of  the  stresses  from  the  stem  up  into  the  slab  and  out  into  the  flanges.  The 
main  reinforcement  bars  in  the  bottom  of  the  beams  extend  the  full  length  of  the  span 
unbent.  For  the  shearing  stresses,  the  diagonal  tension  stresses,  and  the  negati\e 
bending  moments  over  the  columns  short  bars  are  bent,  th?  lower  ends  of  these  being 
hooked  around  a  short  cross-rod  between  the  two  lines  of  bottom  reinforcing  rods. 

The  work  was  executed  in  a  remarkably  short  space  of  time  owing  to  the  effective 
organisation  of  the  contractors,  the  Stone  and  Webster  Engineering  Corporation  of 
Boston,  who  designed  the  work  with  a  view  to  both  speed  and  economy  of  erection. 
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A  short  summary  of  some  of  the  leading  books  "which  have  appeared  during  the  last  fe-m  months. 


"Graphical  Keinforced  Concrete  Design." 
By  John  A.  Davenport. 

London  :  E.  &  F.  N.  Spon,  Ltd.,  57  Haymarket.  Price 
51-  net.  8vo.  48  pp.  and  4  large  sheets  of  dia- 
grams. 

Contents.  —  Part  I.  :  Singly-reinforced 
Concrete  Beams.  Part  11.  :  Doubly- 
reinforced  Concrete  Beams.  Part 
III.  :  Columns. 

There  are  now  numerous  diagrams  for 
saving  labour  in  reinforced  concrete  de-  - 
sign  on  the  market,  and  we  fear  it  is  over- 
done, though  we  welcome  every  one  that  is 
published,  for  all  add  something  to  the 
progress  of  science.  Mr.  Davenport  has 
displayed  much  ingenuity  and  ability  in 
evolving  these  diagrams  to  which  the 
letterpress  is  explanatory,  and  doubtless  in 
his  hands  they  serve  as  a  ready  means  of 
determining  factors,  but  thev  are,  we  fear, 
somewhat  too  involved  even  yet  for  general 
use.  The  diagrams  for  eccentrically 
loaded  columns  are  novel,  and  therefore 
most  interesting  to  us.  We  do  not  quite 
like  the  ones  for  singly  and  doublv  rein- 
forced beams,  as  we  think  practical  pur- 
poses could  be  more  readilv  served  bv 
simpler,  more  direct  diagrams.  The  dia- 
gram for  shear  members  is  novel  also,  but 
we  think  there  must  be  a  m.istake  on 
page  II  in  the  example  given,  for  we  get 
only  I  sq.  in.  of  steel  required  at  12,000  lb. 
stress,  or  if  the  steel  be  stressed,  to 
16,000  lb.  per  sq.  in.  "74  .sq.  in.  will  be"  re- 
quired, whereas  the  author  requires  1-49 
sq.  in.  Possibly  the  error  is  in  taking 
24  ft.,  the  whole  length  of  the  beam  instead 
of  half  the  length,  as  developing  the  re- 
action at  the  end  which  constitutes  the 
maximum  shear  at  the  end,  for  Mr. 
Davenport  gives  just  double  what  we 
require. 

We  are  sorry  this  work  was  published 
just  before  the  second  R.I.B.A.  report, 
because  it  is  based  on  the  first  report  and 
now  seems  a  little  out  of  date,  while  the 
notation  employed  is  not  that  now 
favoured.  However,  we  hope  the  author 
will  have  the  opportunitv  of  carefullv  re- 
vising it  for  a  second  edition,  when  we 
hope  he  will  consider  how  he  can  simplifv 
his  diagrams,  for  which  purpose  we  advise 
him  to  carefullv  studv  the  other  works  on 
^uch  subjects. 


"  Engineering   Work   in    Public    Buildings." 
By  R.  Owen  Allsop. 

London  :  E-  &  F.  N.  Spon,  Ltd.     12/6  net. 
Contents. — Introduction — The   Lay-out   of 
an   Engineer's   Department   in   Public 
Institutions — ^'ertical   Boilers   for   In- 
stitutions— The  Cornish  Boiler — Lan- 
cashire    Boilers  —  The     Dry     Back- 
Boiler— The    Water   Tube    Boiler    for 
Institutions  —  .Steam     Heating  —  Hot 
\\'ater      Heating  —  Exhaust     Steam 
Heating — A'entilation — Water    Supplv 
—Institutional  Baths — The  Institution 
Laundry — The    Institution    Kitchen — 
Lighting  and  Electrical  Machinery. 
\\'e  do  not  propose  to  criticise  this  book 
at  length,  as  the  subject-matter  does  not 
come  within   the  purview  of  our  journal, 
yet   we   think   it   will   be   found  extremely 
useful    and    interesting    by    manv    of    our 
readers,  especially  by  municipal  engineers 
and  those  connected  with  the  power,  heat- 
ing   and    lighting    of    institutions.      The 
articles  originally  appeared  in  the  pages  of 
"  Surveying  and  the  Civil  Engineer,"  but 
they   have   been   considerablv   revised   and 
enlarged.    The  book  is  extremely  well  pro- 
duced and  printed. 

'*  The    Civil     Engineers'    Cost     Book."       By 
Major  T.  E.  Coleman. 

London  :  E.  iV  F.X.Spon,  Ltd..  HaymarKet.  Price  5s.  net. 

This  book,  published  in  a  very  handv 
form,  is  a  concise  but  comprehensive 
pocket  price  book  compiled  for  the  use  of 
civil  and  municipal  engineers  and  public 
works  contractors.  The  purelv  engineering 
side  of  estimating  is  dealt  with  in  detail  in 
the  book,  which  is  a  supplement  to  the 
author's  "  Approximate  Estimates." 

The  first  part  deals  with  the  cost  of 
every  class  of  civil  engineering  work  and 
electric  lighting;  electric  tramways  and 
railways  are  also  dealt  with.  The  second 
portion  gives  the  cost  of  engineering  plant 
and  machinery. 

The  book  sets  out  to  give  preliminary 
estimates  of  the  most  diverse  character  at 
a  moment's  notice,  or  particulars  as  to  the 
relative  cost  of  two  or  more  methods  of 
executing  some  particular  work,  and  the 
author  has  certainly  achieved  his  object  in 
a  verv  useful  way.  The  book  should  be  of 
great  assistance  to  the  civil  engineer  and 
contractor  in  general  practice. 


CORRESPONDBNCIS.  ICDNCBETEJ 


CORRESPONDENCE. 

Under  this  heading  ive  invite  correspondence. 

March  24th,   igi2. 

I)k.\r  Siu,— Mr.  Jackson,  in  liis  arliilc  <>n  tlic  Design  of  Reinforced  Concrete 
Columns,  has  misinlerprcled  the  recommendations  of  the  Joint  CDnimitlee  on  Rein- 
forced Concrete  with  respect  to  the  column  formulae. 

It  is  true  that  the  Committee  proposed  that  the  value  of  .v  should  be  limited  to 
32,  but  they  did  not  intend  to  place  any  restriction  upon  the  closeness  of  the  pitch  or 
the  \aliie  of  r. 

It  is  distinctly  stated  on  page  J7  of  their  second  rejjorl  that  "  'J"he  spacing  factor 
should  not  be  taken  at  more  than  32,  even  //  p  is  less  than  o-jd..  clearly  indicating 
that  p  may  be  taken  as  a  less  value  than  o'2d. 

Mr.  Jackson  also  states  that  the  Committee  recommended  that  the  steel  should 
not  be  stressed  to  a  greater  amount  than    15,000  lb.   per  sq.   in. 

In  the  Committee's  second  report,  page  18,  it  is  recommended  that  "  the  stress  on 
the  metal  reinforcement  {i.e.,  ihe  value  of  m.  c.)  should  not  exceed  0-5  of  the  yield 
point  of  the  metal,"  meaning  the  stress  of  the  yield  point-resistance. 

This  nieans  that  for  mild  steel  with  a  resistance  at  yield  point  of  32,000  lb. 
per  sq.  in.  the  allowable  stress  would  be  16,000  lb.  per  sq.  in.,  and  that  for  steel 
with  higher  resistances  at  the  yield  point  the  allowable  stress  would  be  proportionately 
greater.'— Yours  faithfully,        '  Charles  F.    Marsh. 

The  Editor.  "  Concrete  and  Constnictioual  Engijiccriiig." 


The  Execution  of  Reinforced  Concrete  WotK. 

March  i6th,  1912. 

Sir, — Under  the  above  heading  in  your  issue  for  this  month  you  mention  a  matter 
of  verv  grave  interest  which  has  held  my  attention  for  some  considerable  time.  I 
think  that  the  progress  of  reinforced  concrete  construction  in  this  country  has  been 
delayed  quite  ten  years  if  not  more  through  the  negligence  and  incompetence  of  foremen. 

But,  sir,  I  disagree  with  you  when  you  exonerate  the  contractors  and  specialists 
of  all  blame,  for  you  cannot  entirely  condemn  an  ordinary  building  foreman  for  saying 
he  can  undertake  to  carry  out  a  job  in  reinforced  concrete  when  he  cannot  get  one  in 
his  ordinary  class  of  work. 

Now  the  contractor  can  get  competent  skilled  foremen  to  carry  out  reinforced 
concrete  work,  for  there  are  quite  a  few  of  them  to  be  had  at  present  with  good 
sound  experience  if  he  will  pay  a  reasonable  price  for  ability.  A  man  that  is  progressive 
and  far-seeing  enough  to  forego  his  past  training  and  undertake  the  expense  of 
learning  a  branch  which  is  entirely  new  to  him  is  above  the  ordinary  type. 

Contractors  generally  are  very  keen  on  getting  reinforced  concrete  work  and, 
therefore,  often  take  it  at  an  unreasonable  price  and  resort  to  certain  risks  to  make  it 
pay.  ^^'ell,  a  modern  competent  reinforced  concrete  foreman  will  not  take  some  of 
these  risks,  and  is  often  discharged  in  consequence. 

Other  instances  are  where  contractors  and  architects  have  their  old  foremen  and 
clerks  of  works  on  hand  and  try^  to  do  with  them,  but  most  of  these  men  are  of  the 
old  stock,  who  speak  of  reinforced  concrete  as  a  new-fangled  idea  and,  because  they 
have  no  knowledge  of  it,  continually  cry  down  its  merits. 

I  think  the  remedy  would  be  if  the  modern  men  who  have  the  necessary  know- 
ledge supervised  every  job  as  clerk  of  works  and  were  directly  responsible  to  the 
engineers  in  charge  of  the  reinforcements,  and  were  paid  a  living  wage  to  keep  them 
above  corruption.  To  do  this,  a  register  of  these  men  should  be  kept,  say,  at  the 
Concrete  Institute,  where  they  could  sign  on  and  off.  If  at  any  time  one  of  these 
men  misbehaved  himself,  when  proven  by  an  unprejudiced  authority,  he  should  be 
struck  off  the  register  and  not  employed  in  that  capacity  in  future.  This  would  ensure 
an  experienced  man  on  the  site  with  the  authority  to  keep  things  right.  The  engineer- 
ing firm  should  in  turn  be  directly  responsible  for  this  man. — Yours  faithfullv, 

George  Coe. 
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Memoranda  and  Ne'ws  Items  are  presented  under  this  heading,  -with  occasional  editorial 
comment.     Authentic  neivs  ivill  he  "welcome. — ED. 


Tests  on  "  DentHe  "  Floors. — We  have  received  the  following  particulars  of 
a  successful  test  which  was  carried  out  on  the  7th  March,  1912,  on  the  floors 
which  have  recently  been  constructed  by  Messrs.  H.  Arnold  and  Sons,  Contractors, 
Doncaster,  for  the  Midland  Carriage  and  Wagon  Works,  Washwood  Heath, 
Birmingham. 

These  floors  have  been  constructed  on  the  Dentile  system,  which  is  controlled  by 
the  Indented  Bar  and  Concrete  Engineering  Co.,  Ltd.,  of  Westminster.  The  feature 
of  the  floor  is  the  use  of  hollow  tiles,  which  have  the  effect  of  greatlv  lightening  the 
floor  itself,  and  at  the  same  time  making  it  sound-proof  without  the  use  of  projecting 
beams  either  of  steel  or  of  reinforced  concrete. 

The  tests  in  question  were  two  in  number.  The  first  consisted  of  a  square  floor 
reinforced  in  both  directions  17  ft.  10  in.  by  16  ft.  7^  in.  The  working  load  for  which 
this  floor  was  designed  was  100  lb.  per  sq.  ft.,  but  it  was  arranged  to  test  the  floor 
up  to  li  times  this  load — viz.,  150  lb.  per  sq.  ft.  This  load  was  considerably  exceeded 
during  the  test.  The  material,  by  means  of  which  the  load  was  placed  upon  the  floor, 
consisted  of  cement  sacks,  and  in  all  exactly  20  tons  were  placed  on  this  floor,  which 
is  giving  a  load  of  152  lb.  per  sq.  ft.  The  deflection  was  verv  carefully  measured 
during  the  process  of  loading  by  means  of  a  sliding  vernier  placed  below  the  floor  in 
the  centre,  and  the  deflection  increased  quite  gradually  during  the  progress  of  the 
test  to  0*07  in.  While  the  full  test  load  was  still  on  the  floor  the  centre  of  the  floor 
was  exposed  by  the  removal  of  a  sack  of  cement,  and  five  heavy  blows  with  a  piece 
of  timber  18  ft.  long  (9  in.  by  12  in.)  lifted  to  a  height  of  2  ft.  or  3  ft.  and  banged  down 
upon  the  floor  by  the  united  efforts  of  five  men,  were  given  to  it.  The  floor  withstood 
this  extremely  severe  test  admirably,  no  cracks  or  other  signs  of  damage  being 
apparent. 

The  next  test  took  place  on  a  small,  similar  room  16  ft.  7^  in.  bv  13  ft.  10  in., 
in  which  the  floor  was  constructed  on  the  one-wav  svstem  ;  that  is  to  say,  it  was  only 
reinforced  in  the  smaller  direction,  there  being  no  reinforcement  whatever  in  the 
direction  at  right  angles  to  this.  The  full  load — which  again  was  i^  times  the  working 
load — consisted  of  17-2  tons,  but  the  deflection  in  this  case  only  amounted  to  o"oi  in. 

The  extreme  success  with  which  these  floors  of  both  types  withstood  not  only  the 
heavy  test  load,  but  also  the  test  for  shock,  affords  the  best  possible  proof  that  Dentile 
floors  are  suited  in  every  way  both  to  the  carrying  of  heavy  dead  loads  and  to  heavy 
falling  loads  with  a  minimum  deflection  and  vibration.  The  floors  are,  of  course, 
quite  economical,  and  the  surft^^ce  aft'orded  by  the  tile  for  plastering  is  exceptionally 
good.  The  absence  of  beams  over  large  spans  enables  the  ceiling  treatment  to  be 
carried  out  with  great  ease. 

A  Novel  Method  of  Pouring  Concrete  Bridge  Floors.— In  the  construction 
of  the  main  viaduct  of  the  Mc.\doo  Tunnel  extension  into  Newark  a  very  interesting 
method  was  used  in  pouring  concrete  bridge  floors,  which  are  trough-shaped  and  each 
13  ft.  wide,  iii  in.  thick,"  and  laid  in  sections  250  ft.  long  with  expansion  joints 
between. 

The  forms  are  built  complete  several  hundred  feet  in  advance  of  the  concrete, 
and  the  reinforcing  steel  is  set  and  tied  bv  the  force  of   the  steel   contractor  before  a 
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run  of  concrete  is  started.  Concrete  is  then  i)lacecl  by  two  Iravellini^  j)lants  on  the 
deck  of  the  viaduct.  One  consists  of  a  7-ft.  j^auge  car  carryinj^  a  i-yd.  Ransome 
mixer  and  limber-feedinj^  bins.  It  runs  on  the  temporary  traci<  mentioned  at  one 
side  of  tile  slab  which  is  being  placed.  This  track  has  three  rails  to  accommodate 
standard  gauge  and  the  7-ft.  gauge.  A  locomotive  crane  on  the  track  accompanies 
the  travelling  plant,  and  supplies  its  bins  from  material  cars  standing  on  one  of 
the  outer  frtighl  tracks  below.  Concrete  is  delivered  from  the  mixer  to  any  part 
of  the  slab  on  ilic  ojjposite  half  of  the  viaduct  by  a  sectional  chute,  and  is  tamped 
in  place  by  the  concrete  gang.  Under  this  plan  of  operation  250  ft.  of  single  track 
slab  is  placed  in  an  8-hour  day,  and  at  times  two  sections,  or  500  ft.,  have  been  laid, 
the  time  required  being  fourteen  hours.  On  a  part  of  the  work,  in  placing  the  second 
track-slab,  a  second  Ransome  mixing  plant  has  been  installed,  consisting  of  a 
mixer  on  a  flat  car  with  the  material  cars  coupled  at  the  ends.  This  travelling  |>lant 
moves  over  the  completed  first  track  and  operates  similarly  to  the  other  described. 

There  is  every  indication  that  this  method  of  pouring  bridge  floors  is  thoroughly 
economical  and  cfticient,  and  these  two  travelling  mixing  ])lants  are  well  worth  the 
studv  of  contractors  anticijiating  this  kind   of  work. 

A  Reinforced  Concrete  Pavement  at  Plymouth,  Wis.,  U.S.A.— During  the 
summer  of  1910.,  savs  Eiiginccriiig  Record,  a  reinforced  concrete  pavement  was  laid  in 
Plymouth,  Wis.,  having  three  features  of  construction  which  are  unusual  in  the  laying 
of'  a  pavement  of  this  kind.  These  new  features  of  construction  are  the  use  of 
"  Pecky  "  cvpress  for  expansion  joints,  a  reinforcement  of  the  concrete  v.ith  a  woven 
wire  mesh  and  a  new  form  of  rough  surface.  In  place  of  the  usual  asphaltum  or  tar 
expansion  joints,  i  in.  by  8  in.  cypress  boards  were  used  along  each  gutter  and  every 
4  ft.  across  the  street,  and  on  those  streets  where  street  car  tracks  had  been  laid  a 
joint  was  made  on  each  side  of  the  track  at  the  end  of  the  ties.  These  boards  were 
used  as  forms  for  the  outside  of  the  cement  gutters  and  as  a  template  in  forming  the 
crown  of  the  street,  thus  saving  the  use  of  considerable  timber,  as  well  as  time  in 
placing  and  removing  the  same. 

The  woven  wire  mesh  reinforcement  was  placed  directly  on  the  base  concrete  so 
as  to  lie  between  the  surface  and  the  base.  By  using  this  mesh  and  placing  the 
expansion  joints  every  40  ft.  the  pavement  was  cut  up  into  monolithic  squares  of  40  ft. 

The  surface  finish  coat  consisted  of  crushed  granite  chips  ranging  in  size  from 
:j  to  J  in.  in  diameter,  granite  screenings  from  J  in.  down  to  dust,  and  Portland  cement 
mixed  in  that  proportion  which  gives  the  densest  mixture.  After  this  mortar  was  spread 
upon  the  mesh  and  concrete  base  it  was  levelled  off  with  a  street  screed  and  then 
trowelled  smooth  like  a  sidewalk.  While  the  material  was  still  soft,  granite  chips, 
ranging  from  5  to  f  in.,  were  cast  by  hand  or  shovel  over  the  surface  of  the  pavement, 
giving  to  the  entire  area  a  roughened  appearance.  Some  of  the  stones  disappeared 
entirely  into  the  soft  cement  mortar,  leaving  small  depressions  in  the  pavement, 
while  others  sank  in  only  part  way.  This  made  a  surface  which,  while  generally 
level,  was  still  rough,  but  with  variations  so  small  that  no  annoyance  is  felt  in  riding 
over  it;  nor  do  the  wheels  and  shoe  calks,  which  drop  into  the  deep  grooves,  cause 
unnecessary  wear. 

Outside  of  the  special  features  mentioned,  the  pavement  was  laid  according  to 
standard  concrete  specifications.  The  base  was  made  5  in.  thick  and  the  surface  coat 
i|  in.  thick.  This  pavement  is  now  over  one  year  old,  has  passed  through' one  winter, 
and  there  is  not  the  sign  of  a  crack  or  a  flaw  in  it,  even  along  the  street  car  tracks. 

The  use  of  the  woven  wire  mesh  is  held  to  have  demonstrated  the  fact  that  it  is 
possible  to  construct  a  concrete  pavement  so  that  it  will  not  crack  along  the  centre  of 
the  street.  This  new  form  of  surface  is  not  slippery  and  does  not  wear  perceptibly, 
according  to  reports  from  engineers  who  have  examined  it. 

Concrete  River  Wall,  Burnley.— The  contract  for  the  new  concrete  river  wall  at 
the  Altham  Sewage  Works  for  the  Corporation  of  Burnley  has  been  let  to  Messrs. 
M.  and  C.  ^^^  Heap,  of  Burnley,  and  is  to  be  carried  out  under  the  supervision  of 
Mr.   C.    H.    PickU>,   M.Inst.C.E.,  the  Borough  Engineer  to  the  Burnley  Corporation. 

Reinforced  Concrete  Retaining  \^  all.— Mr.  E.  B.  Martin,  M.Inst.C.E.,  the 
Borough  Engineer  of  Rotherham,  has  recently  been  asking  for  estimates  for  the 
construction    of    a    retaining    wall    in    reinforced    concrete    alongside   the    River    Don, 

3H 


\k 


CONSTPUCTlONAq 
ENGINEERING  ^ 


MEMORANDA. 


with    the    object    of    making    a    clearer    waterway    and    resisting    the    ever-increasing 
erosion  of  the  bank  and  the  silting  up   of  the  river. 

TRADE  NOTICES. 
Some  New  Specialities  of  the  (U.K.)  Wiaget  Company's.— We  are  glad  to 
note  that  the  (U.K.)  "  Winget  "  Concrete  Machine  Co.,  Ltd.,  of  Xewcastle-on-Tvne, 
have  added  to  the  list  of  goods  made  by  them  the  "  Ross  "  Concrete  Spade  and  the 
"  Andrews  "  Concrete  Tamper — two  implements  which  should  prove  valuable  adjuncts 
to  every  concretor.  These  tools  do  away  with  the  necessity  of  using  fine  facing  material 
when  concreting,  thus  considerabh"  rfducini>  costs. 


Fig.  1.     The   "  Andkkws  "  Iamier. 
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Fig.  3.     The  "  Ross  "  Spade. 


The  "  Ross  "  .Spade,  illustrated  in  Fig.  3,  is  used  where  shuttering  is  employed, 
the  concrete  being  rammed  with  the  spade  close  to  the  shuttering,  thus  forcing  back 
the  coarser  aggregate,  and  allowing  the  fine  material  to  settle  up  to  face  of  work, 
obviating  the  necessity  of  "  cement   rendering"  or  otherwise  facing  concrete  walls. 

The  "  Andrews  "  Tainper,  shown  in  l^ig.  i,  is  used  as  a  rammer  when  laying 
concrete  paths,  roads,  etc.,  in  situ,  the  tamper  achieving  the  same  efTect  of  bringing 
the  fine  particles  of  concrete  to  the  surface,  which  may  be  "  floated  off  "  at  once,  thu.-; 
a   finishing  coat  for  "  floating  off  "  is  not  required. 

Xor  should  we  omit  to  mention  that  thi^  (^omjjany  have  also  placed  on  the 
market  an  exceedingiv  useful  level,  viz.,  the  "  Kokomo  "  Finger  Ring  Level,  an 
illustration  of  which  we  give  in  Fig.  2,  and  wh.icli  may  be  utilised  either  for  levelling 
or  plumbing. 

We  would  strongly  advise  every  builder  and  contractor  to  get  particulars  of  these 
indispensable  tools,   which  with  ordinary  care  will  last  a  lifetime. 

Lock  Woven  Mesh.  —  The  business  of  the  lock  woven  mesh  system  of  reinforce- 
ment has  been  taken  over  by  Messrs..  George  F.  West  &  Co.,  of  Caxton  House, 
Westminster. 
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THE  BRITISH  STEEL 
PILING    COMPANY 

DOCK  HOUSE,  BILLITER  ST. 


Telephone  : 
1414  AVENUE 


LONDON,  E.C. 


Telegrams  : 

GRAMERCY,  LONDON 


Illustration  shows  one  of    three   cofferdams  constructed  with  our 
steel    piles    at   L  C.C.   Reconstruction,    Deptford   Creek    Bridge. 


Universal  Joist  Steel  Sheet  Piling  for 
Cofferdams,  Retaining  Walls,  etc.  etc. 

Used  by  the  BRITISH  AND  COLONIAL 
GOVERNMENTS,  FRENCH  GOVERN- 
MENT, AND  LEADING  CONTRAC- 
TORS   AT     HOME     AND     ABROAD. 

Latest   Types    of     Pile-Driving   Equipments 
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In  a  handbook  dealing  with  this  system,  which  has  recently  "been  issued  by  the 
jiroprietors,  full  particulars  are  given  of  this  form  of  reinforcement,  together  with 
illustrations  of  the  different  structures  in  which  it  has  been  applied.  The  employment 
of  "  lock  woven  mesh  "  is  particularly  suitable  for  the  construction  of  roofs,  floors, 
foundation  rafts,  walls,  sewers,  culverts,  etc. 

As  the  name  implies,  the  reinforcement  in  this  systein  is  a  wire-woven  mesh  which 
is  securelv  locked  together  at  the  intersections.  The  mesh  is  formed  of  main  or 
"  tension  "  wires  and  secondary  or  "  transverse  "  wires.  The  former  are  spaced 
from  3  in.  to  6  in.  apart,  while  the  latter  are  spaced  about  twice  the  distance  apart  of 
the  tension  wires.  The  Standard  widths  of  the  fabric  are  4  ft.  and  5  ft.,  and  the 
material  is  stocked  in  these  widths  in  rolls  of  100  ft.  to  200  ft.,  but  there  is  no  limit 
to  the  length  in  which  the  fabric  can  be  supplied. 

Lock  women  mesh  is  being  used  by  H.  M.  Ofllce  of  Works  as  reinforcement  for 
the  covering  of  the  reservoirs  in  connection  with  the  Windsor  Castle  Water  Supply. 
It  is  also  being  used  for  reinforced  concrete  bunkers  at  Burslem  ;  concrete  roof  at 
Consett ;  reinforced  concrete  floors  at  Students'  Hostel,  Dublin,  and  other  smaller 
contracts. 

The  " Sasso  "  Reinforced  Concrete  Street  Kerb. —  Kerbs  of  natural  or  artificial 
stone,   when  used  for  jjavements,  have  the  disadvantage  that  owing  to  unequal  settle- 
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ment  they  may  be  tilted  or  displaced  relatively  to  one  another.  This  difficulty  has 
k-d  to  the  use  of  larger  and  heavier  stones.  The  provision  of  a  concrete  foundation 
is  costly,  and  is  not  always  a  sufficient  safeguard. 

The  "  Sasso  "  Reinforced  Concrete  Kerb  is  intended  to  overcome  these  difficulties, 
and  consists  of  a  continuous  reinforced  beam  "  a  "  carried  at  ends  by  the  supports 
"  b."  In  Fig.  3,  on  this  page,  the  section  on  the  left  is  cut  through  the  kerb,  and 
that  on  the  right  through  one  of  the  supports.  A  lean  ballast  concrete  may  be 
used  for  the  latter,  whilst  sharp-edged  fragments  of  basalt,  or  other  hard  stone, 
broken  small,  are  used  for  the  concrete  in  the  beams.  The  great  reduction  in  section 
of  the  kerb  proper,  as  against  stone,  causes  economy  of  material,  and  irregularities  of 
level  due  to  tilting  or  settling  are  entirely  prevented.  The  wear  is  less  than  that  of 
natural  stone,  and  is  also  more  uniform. 

A  similar  construction  may  be  employed  for  the  edges  of  paths  in  parks  and 
gardens,  the  protecting  kerb  around  monuments,  and  the  foundations  of  light 
structures,  such  as  verandahs,  etc.  Street  kerbs  on  this  system  have  been  used  in 
different  parts  of  Roumania,  and  have  been  found  very  satisfactory. 

Full  particulars  can  be  obtained  on  application  to  Mr.  L.  F.  Szilagyi,  13,  St. 
Helen's  Place,  E.C. 

"  Pudio  "  Waterproof ing.— A  material  which  has  recently  been  put  on  the 
market  for  waterproofing  brickwork,  stonework,  and  concrete  is  known  as  "  Pudlo  " 
and  is  manufactured  by  Messrs.   Kerner-Greenwood  and  Co.,  of  King's  Lynn. 

"  Pudlo  "   is   a    fine  white   powder   which    is   mixed   with    neat   cement   in    varying 
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j)r()l}ortions,  arcurding  to  the  purpose  for  which  it  is  required.  It  is  claimed  that 
when  so  mixed  it  absolutely  prevents  the  penetration  of  dampness  and  moisture.  It 
not  only  protects  the  exterior  of  the  structure,  but  in  the  event  of  the  surface  beiiii;' 
.-ucidentally  chipped  it  still  Ueeps  the  water  from  penetrating. 

'i'lif  ijrdjirictor-^  li;i\c  jusl  pulilislicd  a  l)ooklet  which  i^ives  full  particulars  of  the- 
niilliixl  of  u>inj4  Pudln  and  (if  \arious  cxix-riments  which  ha\c  been  carried  out  to 
])i(i\r  it--  cnicacy. 

Thr  bonklcl  will  ii"  sent  to  an_\'on(>  a|jplyinj4  to  Messrs.  Kerner-rjrcenwood  and 
Co.,   l\ini;'s    i,\nn. 

The  British  Reinforced  Concrete  Engioeering  Co.  inform  us  thai  Mr.  A.  \\  . 
.Storey,  of  the  Barb  Engineering^  Co.,  Manchester,  has  joined  the  Bo.ird  of  tiic  Hriti>h 
Reinforced  Concrete  En}:<ineerinj:j  Company. 

Messrs.  D.  G.  Somerville  &  Co.  inform  us  that  Mr.  R.  N.  Stroyer,  late 
princi|)al  l^Ui^inccr  to  Messrs.  (  liiisliania  and  Nielsen,  the  well-known  firm  of  Swedish 
reinforced  concrete  desi<^ners  and  erectors,  has  recently  been  a|)|)oint((l  to  the  post 
of  Chief  Enj^ineer  in  the  firm  of  I).  G.  Somerville  and  Co. 

CHANGE    OF    ADDRESS, 

Messrs.  Richard  Johnson,  Clapham  &  Morris,  Ltd.,  inform  us  that,  owinii 
to  the  increase  of  their  business  in  London,  their  ai^ent,  Mr.  H.  .M.  Kelk,  has  moved 
his  offices  from  Uoltxirn  Mall.  His  addres-,  now  is  Broad  Street  House,  New  Broad 
Street,  London,  E.C. 

CONTRACTS. 

Messrs.  D.  G.  Somerville  &  Co.,  have  recently  secured  a  large  contract  for 
the  erection  of  an  extensive  T  jetty  on  the  Thames,  which  is  to  be  entirely  con- 
structed of  reinforced  concrete.  The  jetty,  which  is  to  carry  three  large  electric 
cranes,  will   be  over  230  ft.  long. 

Among  other  contracts  which  this  firm  have  in  hand  at  present  are  : — Water 
tower  at  Bembridge ;  bank  at  Banstead;  building  in  Tottenham  Court  Rcjad ;  water 
tanks  at  Aylsham,  Norfolk;  shops  and  flats.  High  Street,  Clapham;  warehouse, 
Wapping;  two  office  blocks  in  Tudor  .Street,  E.G.;  two  blocks  of  flats,  Adelphi ; 
floors  in  De  Keyser's  Hotel  ;  floors  and  galleries,  Victoria  .Station ;  reinforced  con- 
crete sleepers  for  the   India   State    Railways;   sanatorium   in   Bournemouth. 


«« Dir-  »» 


BIC 


BRITISH 


"BIC" 


IMPROVED  CONSTRUCTION  CO.,  LD. 

Telephone:  4067  Victoria.  Telegrams:  "  Biconcrete,  London." 

47  VICTORIA  STREET.  WESTMINSTER. 


Flat-based  Concrete  Pipes 


Three  feet  long 


to 


Nine  feet  long. 


Breeze  Partitions 
Reinforced  Sleepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'   DESIGNS  CARRIED  OUT  TO  ORDER. 
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Volume  VII.     No.  5.  London,  May,  1912. 

EDITORIAL  NOTES. 


THE    EXCESSIVE    SPECIFICATION. 

There  are  certain  everyday  matters  in  the  design  of  reinforced  concrete  which 
get  little  talked  about  by  specialists,  because  from  long"  experience  with  them 
they  have  become  commonplace  ;  and  yet  they  ought  to  be  continually  empha- 
sised and  thrashed  out  with  their  professional  clientele  because  it  is  a  matter 
in  which  the  latter  have  to  decide,  and  which  leads  to  continual  friction  and 
want  of  uniformitv.  That  is,  in  the  Cjuestion  of  loads  on  floors  and  the  factor 
of  safety. 

In  talking  ol  factors  of  safelv  there  are  various  interpretatiuns  that  can  be 
made,  and  the  specialist  designers  use  their  discretion.  Almost  all  architects 
and  engineers  are  convinced  of  the  necessity  of  asking  for  a  factor  of  safety  of 
four,  and  practically  ne\er  ask  for  less.  Now,  such  a  definition  is  extremely 
loose  because  if  a  factor  of  four  is  required  on  the  ultimate  breaking  load,  it  is 
quite  a  different  thing  from  designing  for  a  working  stress  which  is  one-fourth 
of  the  ultimate  stress  which  the  material  is  capable  of  sustaining.  In  dealing 
with  a  stipulation  that  the  factor  of  safety  is  to  be  four,  there  may  be  a  con- 
siderable variation  on  the  part  of  the  designer  according  to  his  interpretation 
of  the  wishes  of  the  client.  However,  most  specialist  designers  are  fairly 
uniform  in  this  respect,  because  they  work  upon  certain  lines  which  they  have 
adopted  to  satisfy  themselves,  so  there  is  ordinary  common  practice  among 
them. 

On  the  question  of  loads  on  floors,  howeAer,  it  is  a  common  fault  in  engineer- 
ing practice  for  the  super  loads  to  be  grossly  over-estimated.  Xow,  when  a 
specialist  is  "  up  against  "  a  requirement  that  the  super  load  on  a  schoolroom 
floor  shall  be  taken  as  3  cwt.  a  sq.  ft.,  and  he  knows  that  h  cwt.  is  as  much  as 
the  floor  will  be  called  upon  to  sustain,  or  when,  say,  2  cwt.  is  specified  for  a 
hospital  ward  floor  and  the  load  in  practice  would  not  exceed  25  lb.  per  sq.  ft., 
he  naturally  looks  to  see  if  this  absurd  requirement  can  be  dodged,  withdrawn 
or  reduced  in  effectiveness.  He  knows  that  it  is  distinctly  absurd  to  adhere  to 
such  a  requirement,  and  if  he  does  not  allow  for  a  much  smaller  load  he  will 
be  almost  sure  to  lose  the  job  to  some  competitor,  and  he  knows  also  that  the 
architect  or  engineer  would  not  ])e  willing  to  get  the  building  owner  to  pay  for 
a  floor  capable  of  sustaining  the  load  he  specified.  Of  course,  where  it  is  stated 
that  the  floor  will  be  tested  with  the  specified  load,  then  the  floor  must  be  built 
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stronger  than  it  othcrw  isc  would  l)c,  but  even  thfii,  kntjw  inj^  the  cost  of  testing-, 
and  that  it  is  unlikelv  that  a  Hoor  would  be  so  loaded  subsequently  in  practice, 
the  ijpecialist  seeks  means  of  reducing-  the  altogether  preposterous  specification. 

Now,  professional  men  are  not  al\va\s  open  to  reason,  and  if  a  specialist 
designer  cnmes  along  and  presses  the  point,  and  emphasises  how  absurd  and 
how  ignorant  it  is  to  put  forward  such  a  requirement,  he  will  not  find  it  to  his 
advantage.  Of  course,  it  all  depends  upon  how  the  representation  is  made, 
but  the  suggestion  of  any  reduction  in  the  requirement  is  not  always  welcome, 
and  the  specialist's  suggestions  are  looked  upon  with  suspicion.  If  he  finds  it 
easy  to  get  the  specification  modified,  that  is  the  obvious  course  to  follow,  but 
if  anv  diflicultv  is  met  the  designer  naturally  looks  for  other  ways  of  escape, 
and  a  spirit  of  generosity  enters  into  his  estimation  of  weights  and  spans.  He 
under  estimates,  in  all  probability,  the  dead  load  of  the  floor;  he  takes  the 
minimum  span  that  he  can  possibly  find  arguments  to  support,  and  he  uses  his 
ingenuity  generallv  to  satisfy  the  client  and  yet  produce  a  job  that,  even  then, 
is  possibly  very  much  stronger  and  more  costly  than  it  ought  to  be. 

It  depends,  therefore,  very  much  on  the  ingenuitx-  of  the  specialist  as  to 
whether  he  gets  a  job  or  not  in  competition,  and  consequently  there  are  wide 
variations,  just  depending  on  how  each  specialist  looks  at  the  matter.  It  might 
be  argued  that  it  is  very  reprehensible  practice  not  to  give  the  client  what  he 
asks,  and  apparently  what  he  wishes,  but  it  seems  quite  legitimate  for  the 
specialist  to  use  his  ingenuity  to  devise  a  proper  and  adequate  scheme,  and 
persuade  the  client  to  adopt,  or  even  carry  out  unknown  to  his  client,  what  he 
knows  to  be  a  thoroughly  sufficient  scheme. 

There  are  cases,  of  course,  where  the  client  may  have  in  his  mind  some 
possible  use  of  the  building  for  a  purpose  which  is  not  apparent  to  the  specialist, 
and  then  it  may  be  bad  for  the  specialist  to  exercise  his  own  opinions,  but  it 
would  be  far  better  if  the  architect  or  engineer  were  to  consult  a  specialist  or 
two  before  preparing  his  specification.  We  do  not  believe,  on  the  other 
hand,  that  it  is  desiraljle  to  leave  all  to  the  specialists,  because  they  have 
not  all  the  information  available,  and  they  are,  perhaps,  submitting  a  scheme 
for  a  job  miles  away,  without  any  knowledge  of  the  site  or  local  conditions,  and 
when  it  is  left  too  open  for  them  to  interpret  what  they  will  it  seems  that  the 
man  who  takes  the  biggest  risk  gets  the  job. 

Specialists  would  prefer  to  work  to  a  sound  but  reasonable  specification. 
In  laving  down  such  a  specification  there  should  be  a  really  clear  understanding 
of  what  is  a  right  and  proper  load  to  require,  and  it  would  be  best  if  the 
specification  provided  for  some  set  of  rules  to  be  worked  to,  such  as,  say.  the 
rules  put  forward  l)y  the  R.I.B.A.  Joint  Committee.  The  competition  would 
then  be  fair,  and  on  the  same  basis,  and  it  would  soon  be  found  that  in  such 
cases  the  variations  would  not  be  so  wide,  and  all  designs  would  be  very  similar 
to  each  other  ;  but  in  using  such  a  standard  it  would  be  worse  than  the  old 
practice  if  the  loads  w  ere  to  be  overestimated  as  they  have  been  in  the  past. 

In  the  London  County  Council  regulations  for  steel-framed  and  reinforced 
concrete  structures  the  floor-loads  of  various  classes  of  buildings  are  specified, 
and  these  are  on  a  proper  conservative  basis,  and  it  would  be  well  if  they  were 
adopted  as  a  basis  throughout  the  country,  being  ir.odified  by  reduction,  and  very 

320 


&£N?iNES'G^  ^^^'  EXCESSIVE  SPECIFICATION. 


seldom  by  any  increase.  Vet  one  finds  tliat  in  very  man}-  cases  floor-loads  are 
verv  much  heavier  than  these  loads  for  which  one  is  officially  required  to  design 
for  London. 

One  notices  a  tendency  among-  specialists,  where  such  excessive  loads  are 
required,  to  take  the  spans  as  being-  from  the  inner  edges  of  supports,  and 
often,  too,  allowances  are  made  for  fixity  at  supports,  so  that  by  dint  of  such 
reduction  the  bending  moment  is  reduced  to  somewhere  approaching  what  it 
would  be  if  the  floor  were  designed  for  a  proper  super  load  in  the  first  instance. 
In  continuous  construction  the  smallest  possible  bending  moment  is  taken. 
Such  dodges,  however,  are  to  be  regretted,  as  all  dodges  are,  in  that  thev 
obscure  the  point  at  issue,  and  they  lead  to  the  repetition  of  erroneous  and 
foolish  practices,  which  may  sometimes  result  in  ill-feeling  and  loss  to  someone. 

One  can  understand  professional  men  setting  down  in  their  specification 
what  they  will  require,  and  insisting  upon  getting  it,  because  there  is  a  natural 
tendency  on  the  part  of  all  contractors  and  others  to  put  the  minimum  interpre- 
tation upon  everything,  so  that  by  contrast  the  strict  letter  of  the  law  is  insisted 
upon.  However,  every  specification  must  be  interpreted  with  reason,  and  we 
are  sure  that  many  architects  and  engineers  would  be  greatly  surprised  if  thev 
were  taken  always  at  their  word,  for  then  the  cost  of  work  would  go  up 
enormously. 

So  in  reinforced  concrete  work,  if  the  loads  specified  are  verv  severe,  the 
architect  would  be  much  surprised  at  the  excessive  cost  of  such  work.  He  has 
probably  had  similar  work  carried  out  before  under  a  free  interpretation  at  a 
certain  cost ;  he  would  not  think  of  paying  more  again,  and  he  has  probablv 
based  his  estimate  on  such  low  costs  being  obtained  again. 

We,  therefore,  see  that  one  should  be  on  the  watch  against  excessive  pro- 
visions in  the  specifications,  and  that  the  contractor  or  specialist  designer  is 
not  to  be  dismissed  as  a  humbug  and  a  scoundrel  because  he  takes  liberties  with 
an  architect's  excessive  requirements.  The  architect  should  be  reasonable  and 
intelligent,  and  not  act  in  an  inconsistent  and  arbitrary  manner;  if  he  does,  then 
he  has  got  himself  to  blame  for  any  troubles  that  arise. 

WORKING   STRESSES    v.    ULTIMATE    STRENGTHS. 

We  have  referred  above  to  the  question  of  designing  for  working  stresses 
in  the  materials,  or  for  ultimate  strengths  of  the  structural  members.  The 
tendency  seems  to  be  all  in  the  direction  of  limiting  the  working  stress,  but  we 
do  not  think  this  is  always  quite  the  best  policy.  It  may  be  legitimate  in  many 
cases,  but  we  suggest  that  it  is  not  quite  a  scientific  way  of  regarding  engineer- 
ing design.  The  practice  has  arisen  as  an  outcome  of  steel-work  design  in 
which,  whether  we  design  for  working  stresses  or  use  a  reduction  factor  on 
ultimate  strengths,  we  obtain  practically  identical  results.  This  we  see  clearly 
if  we  take  the  simple  case  of  h  rolled  steel  joist.  The  working  stress  in  the 
flanges  is  about  a  fourth  of  the  ultimate  stress  that  mild  steel  is  capable  of 
standing.  Recent  experiment  and  theory  has  appeared  to  prove  that  steel  fails 
by  maximum  shear  stress,  and  consequently,  if  we  take  the  maximum  fibre 
stress  in  tension  and  compression  as  some  proportion  of  the  maximum  shear 
stress,  we  are  fairly  correct.      However,   the  compressive  resistance  of  steel  is 
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less  than  the  tensile  resistance,  for  reasons  which  are  plain  in  hig-her  theory, 
and,  therefore,  in  specifying-  a  safe  working  stress  as  determined  from  the 
tensile  resistance  of  steel,  we  are,  in  a  sense,  adopting  a  wrong  procedure,  but 
in  the  case  of  a  rolled  steel  joist  we  are  not  very  far  wrong,  for  the  ultimate 
load  which  the  joist  will  sustain  is  generally  about  four  to  five  times  the  safe 
load  that  would  he  obtained  from  reckoning  upon  the  basis  of  the  working  fibre 
stress. 

Now,  with  a  steel  joist  the  variation  in  size  and  shape  of  the  section  is 
negligible ;  we  obtain  almost  exactly  what  w^e  design  for.  But  it  has  been 
argued  that  as  the  variation  in  shape  and  form  of  steelwork  is  so  small  that 
the  variations  in  practice  for  which  we  require  a  factor  of  safety  are  in  respect 
to  (i)  the  quality  of  the  material ;  (2)  errors  of  calculation  ;  (3)  secondary  stresses 
not  allowed  for  in  the  design  ;  (4)  mistakes  in  the  carrying  out  ;  and  (5)  inferior 
workmanship. 

Variation  in  the  quality  of  the  material  seems  to  have  struck  engineers  as 
an  important  factor  for  consideration  in  relation  to  the  yield  point,  loading 
beyond  which  causes  permanent  deformation  of  the  m.ember,  the  yield  point 
being  about  half  the  ultimate  strength,  from  which  the  reduction  factor 
of  4  on  the  ultimate  becomes  practically  only  a  reduction  factor  of  2 
on  the  elastic  limit.  It  is  thought  that  the  variation  in  quality  of  the 
material  was  inclined  to  reduce  this  factor  of  2  considerably,  and, 
apparentlv,  in  the  minds  of  designers,  this  is  almost  more  important  in  steel- 
work than  the  inaccuracies  in  design  and  execution,  so  that  they  specify  a 
safe  working  stress  which  shall  be  well  within  the  elastic  limit  of  a  poor  quality 
material.  Supposing  we  take  ordinary  mild  steel,  which  has  an  ultimate  tensile 
strength  of  28  to  1,2  tons,  we  know,  as  often  found  from  tests,  that  the  steel 
in  practice  may  be  reduced  in  quality  so  that  it  stands  a  test  of  only  22  tons 
to  26  tons.  Taking  the  lower  limit — namiely,  22  tons — and  reducing  this  by  2, 
we  obtain  an  ultimate  limit  of  1 1  tons.  We  therefore  see  that  in  stipulating 
that  the  maximum  safe  working  fibre  stress  shall  be  y^  tons  we  have  a  factor 
of  only  about  ih,  so  that,  due  to  poor-quality  material,  we  have  reduced  our 
factor  from  2  to  ih,  or  25  per  cent.  It  is  not  considered  that  the  other  reduc- 
tions, due  to  inaccuracies  in  design  and  execution,  will  amount  to  as  much  as 
25  per  cent.  ;  if  so,  w^e  should  have  no  factor  at  all  against  permanent 
deformation. 

In  reinforced  concrete  work  it  is  a  very  different  state  of  affairs.  Our  steel 
may  certainly  vary  in  quality  as  much  as  in  steelwork  construction,  but  that  does 
not  mean,  therefore,  that  the  same  factor  of  4  on  the  ultimate  is  applicable, 
because,  for  one  thing,  it  may  be  that  the  risks  of  inaccuracies  in  design  and 
workmanship  are  more,  and  we  must  also  bear  in  mind  that  we  are  dealing  not 
solely  with  steel  but  another  material,  concrete,  in  which  the  quality  is  much 
more  variable  than  steel.  Really,  w^hat  our  factor  of  safetv  is  intended  to  do  is  to 
safeguard  us  against  all  risks,  and  we  should,  of  course,  limit  our  stresses  on 
the  one  hand  by  reason  of  inequalities  in  the  materials,  and,  on  the  other  hand, 
we  must  put  limits  to  safeguard  us  in  case  of  errors  in  design  and  workmanship. 

Supposing  we  take  for  example  a  reinforced  concrete  beam,  we  see  how  it 
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is  easily  possible  for  the  steel  to  be  placed  some  distance  out  of  its  proper 
position.  Supposing-  we  have  designed  the  beam  to  be  24  in.  in  effective  depth, 
and  that  the  steel  gets  higher  up  than  its  proper  place  in  the  beam  by  2  in.,  our 
depth  becomes  reduced  to  22  in.  Roughly,  we  may  say,  then,  that  the  strength 
of  the  beam  is  reduced  by  the  squares  of  these  quantities — namely,  576  to  484, 
or  16  per  cent.  If,  on  the  other  hand,  the  beam  should  be,  say,  18  in.  deep, 
and  we  get  as  much  as  2  in.  out  of  place,  then  it  would  be  in  the  ratio  of  324 
to  256 — namely,  21  per  cent.  We  see,  therefore,  that  we  may  get  a  very  con- 
siderable difference  due  to  the  change  of  shape  or  size  of  a  reinforced  concrete 
beam  ;  on  the  other  hand,  we  can  set  against  this  the  fact  that  we  are  using 
numerous  small  sections  of  steel,  and  consequently  the  risk  of  flaws  and  other 
reductions  in  quality  are  reduced,  while,  also,  there  is  less  risk  of  corrosion, 
which  has  to  be  considered  in  steelwork  construction  as  regards  the  reduction 
in  quantity,  so  that  such  risks  of  displacement  are,  to  some  extent,  offset.  How- 
ever, the  designer  must  take  into  consideration  such  risks.  Then,  again,  in  con- 
nections and  other  details  there  are  more  risks  than  with  steelwork  construction. 

As  regards  the  concrete,  here,  of  course,  is  the  chief  point  of  variation  in 
quality  in  reinforced  concrete.  The  material  is  not  manufactured  under  proper 
supervision  as  is  steel.  The  concrete  has  to  be  done  on  the  job,  and  there  are 
the  risks  of  (a)  the  cement  being  injured  by  storage  ;  (b)  bad  mixing;  (c)  weather 
conditions  ;  and  (d)  various  other  matters  which  tend  to  reduce  the  quality  of 
the  concrete  from  the  highest  value  obtainable.  Consequently,  it  has  been 
customary  to  take  a  big  factor  of  reduction  for  the  stress  in  the  concrete,  and 
legitimately  so.  The  stress  is  usually  specified  at  about  ^  of  the  ultimate 
obtainable  with  very  good  quality  workmanship  at  three  months,  but  as  the 
strength  of  concrete  goes  on  increasing  with  age,  and  may  increase  this  value 
by  more  than  25  per  cent.,  the  factor  is  very  often  about  8.  However,  there  is 
another  point  to  be  considered  in  reinforced  concrete  design  which  distinguishes 
it  completely  from  steelwork.  Steelwork  has  a  uniform  modulus  of  elasticity 
practically  up  to  the  yield  point,  which  is  half  the  ultimate,  and  the  vield  point 
is  raised  by  over-strain  ;  but  in  concrete  there  is  no  such  uniform  modulus  of 
elasticity,  which  becomes  reduced 'the  higher  the  stress,  so  that  in  designing 
reinforced  concrete  beams  and  columns  for  their  ultimate  resistance  we  must 
adopt  different  formulae  to  what  we  do  if  we  are  designing  at  working  stresses, 
because  the  distribution  of  stress  is  different.  There  is  in  concrete  no  well- 
marked  yield  point,  and  we  may  say,  roughly,  that  a  point  somewhat 
corresponding  to  it  must  be  placed  at  about  three-quarters  of  the  ultimate 
strength,  althoug-h  in  small  loads  there  is  a  certain  amount  of  permanent 
deformation,  which,  however,  becomes  less  and  less  on  reloading. 

Now  this  constitutes  a  very  distinct  difference,  and  requires  an  alteration 
in  the  outlook  on  the  whole  question  of  the  use  of  a  factor  of  safetv.  As  we 
said  before,  by  reducing  the  stress  in  steelwork  to  one-fourth  of  the  ultimate 
strength,  we  have  not  so  very  much  difference  in  working  with  a  factor  of  4  on 
the  ultimate  strength  of  a  steel  member — that  is  to  say,  we  find  a  steel  member 
will  withstand  about  four  to  five  times  the  working  load  at  the  point  of  failure. 
Reinforced  concrete  is,  however,  quite  different.  Due  to  the  change  in  the  law 
of  stress  distribution,  we  find  that  whereas  one  beam  may,  when  tested,  sustain 

c  2  323 


THE  EXCESSIVE  SPECIFICATION.  [CONCRETE] 

four  times  ihe  working-  load  for  which  it  was  designed,  other  beams  of  different 
dimensions  may  sustain  twehe  and  more  times  the  working  load.  Now  steel- 
work has  led  us  to  think  that  the  obvious  course  should  be  to  reduce  the  working 
stress  in  the  material  to  a  safe  limit,  because  the  variations  in  workmanship 
were  not  so  much  as  variations  in  the  material.  But,  after  all,  in  steelwork  we 
reallv  had  in  mind  the  fact  that  the  structural  member  must  be  able  to  sustain 
the  working  load  with  a  margin  of  safety.  That  is  equally  true  of  reinforced 
concrete,  and  we  see,  working  with  limits  imposed  as  to  the  stresses  in 
concrete,  we  mav  obtain  beams  with  a  very  variable  factor  as  regards  ultimate 
strength. 

It  is  a  matter  for  very  serious  consideration  whether  it  would  not  be  better 
to  discard  the  basis  of  designing  for  working  stresses,  and  design  with  a  factor 
on  the  ultimate  strength  as  well.  Thus,  suppose  we  say  we  take  the  maximum 
reduction  in  ultimate  resistance  of  the  materials,  and  next  consider  the  maximum 
variation  in  disposition  of  reinforcement  w'hich  would  reduce  the  ultimate 
strength.  Then  if  we  have  a  concrete  which  has,  say,  an  ultimate  compressive 
resistance,  in  cubes  made  with  fair  workmanship,  of  6,000  lb.  per  sq.  in.  at 
three  months — deduct  50  per  cent,  for  inferior  workmanship  and  materials  and 
secondary  stresses — take  three-quarters  of  this,  we  obtain  2,250  lb.  as  the 
vield  point.  We  now  require  to  design  a  beam  with  this  as  the  maximum 
stress  in  the  concrete.  We  should  take  the  equi\  alent  modulus  of  elasticity  of 
such  material.  The  stress  in  the  steel  we  wdll  suppose  capable  of  withstanding 
a  maximum  stress  of,  say,  23,000  lb.  We  then,  say,  reduce  the  effective  depth 
20  per  cent.  If  with  these  limits  we  make  the  beam  capable  of  sustaining  a 
load  which  is  twice  the  working  load,  we  should  feel  we  had  safeguarded  our- 
selves in  all  respects  in  design  and  execution. 

This  is  what  might  be  more  legitimately  called  designing  with  a  factor  on 
the  safe  ultimate,  in  distinction  to  designing  for  working  stresses,  and  it  is 
open  to  debate  as  to  which  is  the  best  method  for  adoption  at  the  present  time. 
W^e  think  that  an  engineer  in  practice  should  not  bind  himself  to  either  method, 
but  use  his  discretion  in  the  matter.  The  difference  in  the  methods  of  designing 
should,  however,  be  thoroughly  recognised  and  borne  in  mind  in  the  design  of 
any  work,  because,  at  certain  points,  the  two  methods  differ  widely  from  each 
other,  and  at  these  points  it  seems  to  us  that  designing  for  safe  ultimate  stresses 
is  more  logical  and  better  practice  than  the  other,  although  it  may  result  in  a 
reduction  in  the  sizes  of  members.  We  can,  however,  by  this  method  feel  quite 
safe  because  we  can  see  clearly,  at  every  step,  how  every  risk  of  xuiriation  and 
reduction  in  strength  is  met,  and  if  we  feel  that  in  the  particular  circumstances 
of  any  job  a  bigger  allowance  should  be  made  for  such  contingencies,  we  can 
easily  make  it.  We  proceed  more  clearly  with  our  eyes  open  by  this  method 
than  by  the  working  stress  method,  and,  moreover,  in  many  cases  the  safe 
ultimate  method  gives  smaller  beams.  Engineering  is,  after  all,  a  matter  of 
utilising  knowledge  to  the  best  advantage  for  the  benefit  of  the  community 
generally.  If,  therefore,  we  can  devise  methods  whereby  we  can  obtain  proper 
safety,  which  shall  also  be  more  efficient  and  consequently  more  truly  economical 
than  former  methods,  we  ought  to  adopt  them.  Then  shall  the  engineer  have 
fulfilled  his  function  as  a  man  of  science. 
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By  ALBERT  LAKEMAN. 


The  building  described  belovj  is  of  special  interest  as   it  is  of  reinforced  concrete 
tstruction  throughout  and  is  not  faced  externally  ivith  any  other  material.  — Ed. 


This   building',   which  has  been   erected   for   Messrs.    R.    Clay  X:   Sons,    Ltd.,    is 
interesting-,    as   it   has   been   constructed    entirely   of   reinforced   concrete,    and. 

unlike  many  buildings 
of  a  similar  character, 
it  is  not  faced  exter- 
nally with  brickwork 
or  stone,  which  dis- 
guises the  construc- 
tional members,  but 
has  a  concrete  treat- 
ment throug-hout,  and 
this  fact  renders  it 
worthy  of  special 
attention. 

The  system  em- 
p  1  o  \'  e  d  was  the 
■'  Kahn,"  designed 
by  the  Trussed  Con- 
crete Steel  Co.,  Ltd., 
and  the  result  is  suc- 
cessful, illustrating  as 
it  does  the  possibilities 
of  a  concrete  eleva- 
tion. The  architect 
was  Mr.  G.  F.  CoUin- 
son,    F.R.I.B..\. 

The  building  has 
a  frontage  of  about 
260  ft.  to  Brunswick 
Street,  while  the  total 
area  of  the  site  is  over 
16,000  sq.  ft.,  and 
there    are    five    floors 

Fig.  1.     View  of  Finished  Building.  1  u       1 

Reinforced  Concrete  Building  for  Messrs.  R.  Clay  &  Sons,  Ltd.  above    the    basement. 
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The  foundations  vmder 
the  columns  varied  con- 
siderably, according-  to  the 
loads  to  be  carried,  and  th6 
proximity  of  one  colunni  to 
another  in  the  interior  of 
the  building  rendered  it 
necessary  in  some  cases  to 
put  one  raft  to  carry  two  or 
more  columns.  The  founda- 
tions to  the  main  front 
columns  vary  from  10  ft. 
3  in.  to  II  ft.  square,  and, 
generally  speaking,  consist 
of  a  slab  varying  from 
14  in.  to  26  in.  thick  rein- 
forced with  I -in.  Rib  bars 
at  6^-in.  centres  and  carried 
by  cantilevers  60  in.  deep 
and  30  in.  wide  across  the 
full  width  immediately 
under  the  column,  these 
beams  being  reinforced  with 
four  I -in.  and  four  f-in. 
Rib  bars. 

These  front  columns 
are  spaced  at  about  20-ft. 
centres,  dividing  the  eleva- 
tion up  into  bays,  and  while 
consisting  of  ordinary  rein- 
forced columns  in  the  base- 
ment they  are  spread  at  the 
top  by  means  of  a  strongly 
reinforced  bracket  to  carry 
twin  columns  on  the  ground 
floor,  the  latter  each  having- 
an  internal  core  diameter  of 
17  in.  and  being  reinforced 
with  six  |-in.  vertical  Rib 
bars  and  ^-in.  hooping  at 
2-in.  pitch.  Above  the 
ground  floor  storey  the 
columns  are  practically  re- 
replaced  by  piers,  which 
are  reinforced  with  a  lattice 
of  rib  bars  spaced  at  about 
9-in.  centres.    The  windows 
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between     these     piers 
are  formed  into  three 
lig^hts      having"      rein- 
forced   concrete    mul- 
lions,  while  beams  are 
formed  at  the  heads  to 
span       between       the 
piers.       These    beams 
vary  in  thickness  from 
15    in.    to    18    in.    and 
thev      are      reinforced 
with    two    f-in.    Kahn 
bars       in       the       ten- 
sional    area    and    two 
jt    Rib  bars   in   the   com- 
•j-:    pression  area.     Conti- 
^    nuity    of    construction 
'^    is   ensured   by   the   in- 
r,    troduction  of  two  |-in. 
-J,    Kahn      bars      in      the 
^    upper    surface    where 
i    the    beams   pass   over 
'Z    the   piers,    and   resist- 
^    ance  to   shear  is  pro- 
s    vided    for   by    vertical 
?    rib    bars,     which     are 
~.    bent   round   the  upper 
I    and    lower    reinforce- 
^    ment,  thus  binding  the 
-     whole     together.        A 
;    projecting    feature    is 
i    formed    in    the   centre 
I    of    the    facade    at   the 
third    floor   level,    and 
this  is  carried  by  rein- 
forced   beams    12    in. 
wide   and   5   ft.    deep, 
while  small  octagonal 
turrets  are  introduced 
formed    of    solid    con- 
crete    and     reinforced 
with  six  i-in.   vertical 
Rib    bars    and    similar 
horizontal      bars       at 
24-in.   centres  bent  to 
a  circular  form. 

The  main  cornice 
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is  also  constriuifd  in  roncrt-tc  .iiicl  is  rciiilorcfd  uilh  j,-in.  ])avs  at  g-in.  centres 
and  f-in.  bars  placed  loni^itndinalK ,  while  the  parapet  above  is  formed  as  a 
reinforced  beam.  ll  is  not  too  much  to  say  that  every  feature  in  the  facade 
forcement  to  the  slabs  consisted  of  .r-in.  Rib  bars  at  9-in.  centres,  and  these  were 
is  Cjuite  unusual   in  the  present-day  methods  of  design  and  construction,   when 
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Fig.  4.      Detail  of  Wall  Beams  and  Piers. 
Reinforced  Concrete  Building  for  Messrs.  R.    Ci.av  &  Suns,  Ltd. 


the  facade  is  invariably  a  covering-  quite  distinct  from  the  weight-carrying- 
members  behind. 

The  floors  w-ere  designed  to  carry  an  external  load  of  3  cut.  per  ft.  super 
and  were  constructed  with  main  and  secondary  beams  and  continuous  slabs. 
The  main  beams  were  spaced  at  intervals  of  about  20  ft.  and  had  a  depth  of 
about  30  in. ,  while  the  secondary  beams  were  spaced  at  6  ft.  intervals  and  had 
an  average  size  of  26  in.   by   12  in.      The  slabs  had  a  thickness  varying  from 
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4  in.  to  8  in.,  the  general  thickness  being,  however,  5  in.  only,  this  including 
the  granolithic  finish,  providing  that  it  was  as  strong  as  the  concrete  employed 
for  the  slabs  and  that  no  cleavage  plane  occurred  between  the  two.  The  rein- 
forcement to  the  slabs  consisted  of  -J-in.  Rib  bars  at  g-in.  centres,  and  these  were 
put  in  in  lengths  of  26  ft.  6  in.,  thus  extending  through  four  bavs  of  the  floor. 


Jin-  a(sS^  a' 


Tf.ir'    ^/^/7»<u    /J  yiy^r-na/   Co^K  cajij 


Fig.  5.      Topical  Elevation  of  Front  Columns. 
Reinforced  Concrete   Building  for  Messrs.  R.  Clav  &  Sons,  Ltd. 

The  slabs  were  cast  in  one  operation  with  the  beams,  and  continuity  was 
ensured  by  \-\x\.  Kahn  trussed  bars  3  ft.  6  in.  long,  which  were  placed  between 
the  Rib  bars  o^■er  the  secondary  I^eams,  this  also  giving  provision  against 
shear. 

The  sloping  roofs  are  constructed  with  a  thickness  of  4^  in.,  and  reinforce- 
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inciU  is  provided  in  the  form  of  '^-in.  Rib  bars  spaced  at  12-in.  centres.  These 
slopes  are  carried  by  principals  9  in.  thick  spaced  at  about  lo-ft.  centres  and 
reinforced  with  one  ^-in.  Rib  bar  and  two  f-in.  Kahn  bars.  An  example  of  a 
wall  beam  is  that  situated  at  the  back  Of  the  publishing  oflfice,  which  is  formed 
between  the  ground  and  first  floor.  This  beam  is  10  ft.  deep  and  has  a  span 
of  about  24  ft.,  with  a  thickness  of  about   10  in.     The  tensional  reinforcement 
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Fig.  6.     Detail  of  large  Openings. 
Reinforced  Concrete  Building  for  Messrs.  R.  Clay  &  Sons.  Ltd. 

consists  of  two  i-in.  Kahn  bars  and  two  J-in.  Rii)  bars,  the  latter  being  turned 
up  and  carried  to  the  top  of  the  beam,  i-in.  rib  bar  stirrups  being  also  pro- 
vided at  vr.rving  distances  apart  hooked  around  the  bottom  reinforcement  and 
wired  at  all  cross  points  to  prevent  displacement  while  the  concrete  was 
deposited. 

The  circular  domes  which  appear  on  the  front  elevation  have  a  diameter  of 
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I'iy.  . .     \"i(,\\    SliL'.ving  Column  Reinforcement. 


Fig.  8.     General  \"iew  of   Work. 
Reinforced  Concrete  Building  f   r  Messrs.  R.  Clav  &  Sons,  Ltd. 
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al)()Ul  11  ft.  and  tlK\-  arc-  forim-cl  willi  (>  m.  of  concrclc  reinforced  with  circum- 
ferential and  radial  reinforcement  of  ^-in  Rib  bars,  \\liile  three  '^-in.  Kil)  bars 
are  placed  at  the  springing-  to  act  as  a  tie,  these  ha\ing  a  lap  of  12  in. 

The  staircases  are  formed  with  1. Hidings  4  in.  ::m\  (>  in.  tliick,  reinforced 
with  Kahn  bars,  while  the  liights  are,  constructed  as  slabs  4A  in.  and  <>  in. 
thick,  the  reinforcement  being-  carried  well  into  the  side  walls,  whicli  are 
also  formed  iii  reinforced  concrete. 

The  concrete  throug-hout  was  composed  of  4  parts  of  clean  ballast,  gauged 
to  pass  a  j-in.  mesh,  2  parts  of  sand,  and  1  part  of  Portland  cement.  The 
buildings  must  be  considered  as  an  excellent  example  of  a  complete  concrete 
building-,  and  the  material  has  been  employed  in  a  consistent  manner,  which 
exhibits  its  adaptability  to  any  form  of  construction  when  desig-ned  in  an 
efficient   manner. 

The  contractors  for  the  work  were  Messrs.  D.  (i.   Somerville  ^-  Co. 


Fi!4.  9.     View  in  Course  of  Construction. 
Reinforced  Concrete  Building  for  Messrs.  R.  Clav  &  Sons,  Ltd. 
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FLOOR  AND  COLUMN 
FORMS  for  a  TYPICAL 
ALL  REINFORCED 
CONCRETE  BUILDING 


By  H.  C.  JOHNSON, 

Demonstrator  in  Engineering.  University  College,  Cork. 

We  are  giving  a  further  article  on  the  subject  of ' '  Forms  for  Reinforced  Concrete  Work, ' ' 
as  this  is  a  subject  xoorthy  of  special  attention,  onxiing  to  the  saving  'oihich  can  be  effected  if 
the  formtvork  is  economically  and  efficiently  carried  out. — ED. 


The  reasons  for  the  difference  in  bids  on  a  g^iven  piece  of  reinforced-ccncrete 
work  are  three  in  number  : — 

Firstly  and  mainly. — The  difference  in  the  making-,  placing-  and 
removal  of  formwork. 

Secondly. — The  failure  to  make  a  proper  study  of  form  design, 
the  old  rule-of-thumb  methods  being  applied  to  a  new  form  of  con- 
struction,  often  without   an}    previous   experience  of   such   work. 

Thirdly. — The    failure    so    to    arrange    the    work    that    good    and 

experienced    men    are    kept    going,    instead    of    being    put    off    for    a 

week  or  two   after  each   storey   of  formwork   is   completed,   with   the 

result  that  some  new  men,   with  no  previous  experience,   have  to  be 

taken   on   to   help   work   the   next   floor. 

It  is  the  aim  of  the  writer  to  present  a  system  of  formwork  which  is  a 

combination    of    two    systems    as    used    by    two    American    reinforced    concrete 

companies,  firms  that  keep  costs  for  each  portion  of  the  work  to  estimate  from, 

and  to  make  one  job  check  another.     Their  men  have  to  work  methodicallv  and 

quickly,  for  which  they  are  paid  accordingly,  since  they  are  specialists. 

The  writer  helped  in  no  small  way  to  develop  these  types  of  formwork, 
but  does  not  consider  that  the  type  to  be  presented  is  new  in  its  main  principles, 
although  the  details  may  be. 

Since  the  total  cost  of  the  formwork  for  a  building  varies  from  25  per  cent, 
to  50  per  cent.,  or  even  more,  of  the  total  cost  of  the  completed  structure, 
and  a  sa\  ing  of  5  per  cent,  on  ihc  formwork  means  5  per  cent,  more 
profit,  it  is  easily  seen  where  the  saving  in  money  can  be  made ;  in  fact, 
it  is  the  first  item  to  look  to,  for  the  cost  of  providing  and  placing  a  cubic 
yard  of  concrete  or  a  ton  of  steel  does  not  var\  anvthing  like  so  much  as 
similar  work  on  forms. 

Xaturall}-,  the  more  regular  the  building  and  the  more  nearlv  all  storevs 
are    alike    the    cheaper    the    formwork,    and    llierefore    the    finished    structure. 
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Therefore  in  desiyniiii^-  llie  slriutur.il  ]):irls  of  a  reinforced-eoncrete  building  the 
aim  should  he  to  keep  the  size  of  all  !)eams  and  girders  the  same  and  only 
change  liv-  column  sizes  each  secontl  and  even  third  slorcy.  A  little  more 
concrete  is  cheaper  than  the  change  of  formwork  which  would  have  to  be 
made  in  the  column,  girders,  beams  and  slab,  for  it  costs  as  much  to  change 
the  column  two  inches  as   six. 

Here  it  would  be  as  well  to  point  out  that  girders  mid  bcani'i  is  a  more 
simple  way  of  speaking  and  working  by  than  main  beams  and  secondary  beams, 
as  is  also  the  metliod  of  lettering  and  numbering  shown  in  Fig.  i  ;  this  applies 
as  forcibly  to  the  members  themselves  as  to  their  forms,  which  should  l)e 
numbered  to  correspond,  so  that 

"  B  "    is   used   for    members    supporting    slab, 
"  G  "  is  used  for  members  sup]:>orting  beams, 

while  the  change  in  number  is  made  when  the  size  of  the  member  or 

the  steel  (length  or  size)  is  different. 

Where  a  firm  does  considerable  reinforced  concrete  work  a   "  standard  " 

for  formwork  should  be  made  and  copies  handed  to  the  draftsmen,  the  general 

and  carpenter  foremen,  and  also  to  the  carpenters,  if  they  are  kept  on  steadily, 

and  a  few  one-hour  lectures  given,  when  they  could  be  explained  to  the  men. 

The  principal  difficulty  about  setting  such  "  standards  "  is  that  where  a 
contracting  firm  do  not  do  their  own  designing  they  find,  for  instance,  that 
where  one  specialist  runs  his  beams  and  girders  into  the  columns  square, 
another  must  have  knee  braces  or  brackets,  so  that  the  standard  form 
system  is  often  condemned.  This  would  indicate  that  those  firms  doing  their 
own  designing  would  have  the  best  chance  of  obtaining  the  contracts,  unless 
the  specialist  is  also  willing  to  adopt  some  standard. 

With  those  working  in  reinforced  ^concrete  there  should  be  perfect 
co-operation.      The   designer   of   the    structure    in    the   office    should    know    the 

practical  as  well  as  the  theoretical  side  of  construc- 
tion ;  should  make  his  beam  and  girder  widths  and 
depths  to  suit  the  commercial  sizes  of  timber,  and 
so  avoid  unnecessary  ripping  of  the  material ;  keep 
girders  and  beams  the  same  size  in  succeeding 
storeys,  unless  very  different  live  loads  are  specified, 
when  the  depth  could  be  easier  increased  than  the 
width. 


Fi.^l. 

General   Lay-olt  of  a  Typical 

Bay  ok  Three  Panels. 


It  does  not  matter  whether  a  building  is  regular 


or  irregular,  a  "  standard  "  would  apply  to  both, 
for  more  saving  is  effected  by  a  uniform  system  than  by  \  arying  the  methods, 
because  good  men  get  into  the  sw'ing  of  a  set  system  and  naturally  accomplish 
more,  and  therefore  waste  less  material. 

The  greatest  mistake  is  made  by  some  contractors  in  thinking  that  by 
setting  labourers  to  remove  the  forms  they  are  saving  the  difference  between 
their  pay  and  that  of  carpenters  for  the  same  period.  The  labourers'  main 
idea  is  not  systematic  removal  of  the  forms,  but  quick  uncovering  of  the 
concrete,  "  to  let  it  dry  so  that  it  can  harden."  Like  a  lot  of  other  people, 
they    imagine    that    keeping    concrete    wet    prevents    it    becoming    its    hardest, 
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whereas   the   reverse   is   the   case.      The    result   of    such   energy   is    that   cleats 
are    split,    beam    sides   are   in   two   or   three   pieces,    nails   left    sticking-   out   at 
awkward    ang-les,    and   the   whole   of   the   formwork   lying   on    the    floor   in   an 
indescribable  state,  to  be  left  there,  perhaps,  overnight  to  warp  out  of  shape. 
This   damage    has    all    to    be    made   good    by    the   carpenters    in    the    next 
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storey.  Moreover,  new  material  will  be  required  for  patching,  whereas  the  forms 
should  have  gone  at  least  four  storeys  before  patching  was  necessary. 
Then,  again,  formwork  is  often  made  too  light,  the  idea  being  that  it  is 
easier  handled,  and  saves  timber,  but  the  maximum  spacing  of  posts,  etc.,  is 
limited  by  the  thickness  of  boarding  they  are  carrying ;  light  work  increases  the 

335 


H.  C.  JOHNSON. 


i^Xk, 


r/G.^ 


Bolted  Head  (poor  method). 


ilianct'    of    sagj^ing    ot    l)cams    (jr    slabs    or    bul^in^    of    columns,    resulting-    in 
concreting;   being-  stopped  while  the   forms  are  \veclg;'ed  up  into  line. 

Fig.  I  show.s  the  general  lay-out  of  a  typical  bay  of  three  panels,  for 
which  this  formwork  is  designed,  the  slab  thickness  being  4  in.,  beams 
0  in.   by    10  in.   and  girders  S  in.   by    14  in.    under  the  slab. 

In  Figs.  2  and  j^  it  will  be  noticed  that  the  posts  are  wedged  at  the  bottom, 
and  provided  with  hardwood  wedges  and  heads — the  wedg'es  should  always  Ik- 
so  placed,  for  this  obviates  the  necessity  of  using  trestles  to  adjust  the  beam 
for  line,  as  would  be  the  case  if  they  were  at  the  top.  The  wedges  under  the 
girder  "  l)ridge  "  are  e;isily  got  at  by  using  the  column  clamps  as  a  ladder. 
The  hardwood  head  and  wedges  increase  the  carrying  value  of  the  posting, 
and,  what  is  more  important,  the  load  is  applied  axially  to  the  post  and  no 
bending  is  induced  as  would  occur  when  the  crosshead 
was  bolted  to  the  side.  This  difference  in  carrying  value 
z7-3'/fmooj}  is  best  illustrated  by  tests  made  recently  in  the  Laboratory 
of  Uni\ersitv  College,  Cork.  A  7  in.  by  3  in.  spruce 
post,  witli  a  7  in.  by  3  in.  hardwood  head  bolted  on  by 
two  |-in.  bolts,  as  shown  by  Fig.  4,  stood  only  3' 125  tons 
(which  for  21  sq.  in.  equals  2^2^2^  lb.  per  sq.  in.),  while  a 
4-in.  by  4-in.  spruce  post,  with  a  4-in.  by  4-in.  hardwood 
head,  as  used  in  this  formwork,  stood  i8"3  tons  (which 
for  onlv  16  sq.  in.  equals  2,560  lb.  per  sq.  in.). 

The  posts  were  10  ft.  high  over  all  and  loaded  until 
llie  deflection  was  about  6  in.  In  ihe  case  of  the  7  in. 
I)y  3  in.  the  deflection  started  at  2  tons  and  in  the  4  in. 
b\  4  in.  at  nearly  the  full  load. 

From  che  above  it  can  be  seen  that  bv  putting  the 
weight  axially  on  the  post  it  will  carry  at  least  five  times  as  much  as  if  placed 
eccentrically,  and  therefore  fewer  posts  are  needed,  providing  the  members 
being  supported  will  span  the  increased  distance  safely.  The  hardwood  head 
and  wedges  are  very  necessary,  because  spruce  would  have  been  crushed  at 
about  5  tons,  since  it  would  have  been  used  across  the  grain,  a  very  different 
thing  from  along  ihe  grain. 

The  girder  bridge  made  strong  enough  to  support  the  weight  of  three  or 

four  men  and  to  span  from  column  to  column  is  a  distinct  advantage,   for  as 

soon  as  the  column  forms  are  erected  these  "  bridges  "  are  raised  and  correctly 

placed,    a    man    can    then    go    out    and    lower    a    rope,     which   -is    made    fast 

to   the  end   of   the   beam   form,    which   is   then    raised   and   lightly   tacked,    the 

nail  being  so  placed  that  it  is  easily  accessible  and  with  the  head  outstanding- 

a  g-  in.      Tliis  api^lics  to  all  nails  used,  except  where  permanent  cleats  occur. 

Special  nails  for  formwork  are  made  and  are  as  shown  by  Fig.   5. 

The    under  joists   in   these   bridges   are   made   long   enough   to   run    within 

3  in.    of  the  centre  of   the  column   and   placed   far  enough   apart   to   clear  the 

formwork  for  a  26-in.  by  26-in.  column.      They  rest  (through  the  4-in.  by  4-in. 

cross-pieces  and  the  wedges)  directly  on  the  column  clamps,   all  of  which   act 

as  cleats  for   the  column  boa.rding,   which   is  permanently   nailed   to  them,    the 

top   set  being  4-in.    bv   4-in.    material   to   allow   them   to  be   securely    fastened 
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to  the  boarding-  and  so  carry  tlie  loads  transmitted  to  them  by  the  girder 
and  beam  forms,  which  are  adjusted  by  means  of  the  wedges  under  the  two 
cross-pieces.  This  arrangement  ensures  a  constant  relation  between  the 
beams  and  girders,  as  does  also  the  girder  bridge  at  the  other  beams,  since  the 
blocking  pieces  at  the  column  and  on  the  bridge  remriin  unchanged  so  long  as 
the  beams  and  girders  remain   the   same. 

The  column  clamps  on  the  girder  side  are  placed  so  as  to  cross  under 
those  on  the  beam  side.  This  allows  the  girder  side  of  the  column  form  to 
be  dropped  and  removed  as  soon  as  the  wedges  have  been  struck  and  the 
clearance  pieces   at  the   floor  level   removed.      These  girder   sides   run   onlv   to 

the  under  side  of  the  girder  proper  in  one  piece,  that 
portion  above  is  filled  in  separately  willi  cleated 
material.     Fig.   7  shows  this  arrangement. 

The  Ijeam  sides  of  the  column  form  run  to  the 
under  side  ot  the  slab  sheeting,  except  where  cut 
away  to  allow  the  beam  connection  and  a  clearance 
on  each  side  suflScient  to  allow  it  to  pass  the  cleats 
on  the  side  of  the  beam  form.  This  space  is  filled, 
]    as  shown  in  Fig.  7,  by  a  loose  piece  and  a  ke^•. 

Such  a  column  form  is  easily  removed  without 
disturbing  the  posts  under  the  beams  and  girders, 
and  without  any  risk,  since  if  tlie  column  can  stand 
without  forms,  so  can  the  small  length  of  beam  and 
girder  which  are  still  supported  by  the  posts  at  the 
vital  points. 

The    re.ison    for    early    remo\al    of    the    column 

forms   is   tliat   they   ma\-   be  cleaned,   altered  to   suit 

the  next  storey  size,  patched  if  necessarv,  oiled  or  soaped,  then  hoisted  to  the 

next  floor  and  erected  and  so  keep  the  carpenters  going — not  with  the  idea  of 

allowing  the  concrete  to  dry. 

Column  forms  should  never  be  removed 
under  three  (whole)  days,  and  only  then  in  the 
lower  storeys,  where,  of  course,  the  columns  are 
larger  and  capable  of  carrying  all  the  load  one 
floor  could  put  upon  them,  since  they  are  designed 
to  carry  floors  above,  whereas  the  beams  and 
girders  support  only  one  floor.  Therefore  the 
nearer  the  top  of  the  building  the  longer  they 
should  remain  in  position. 

It  is  often  dangerous  to  give  only  a 
minimum  time  before  removal  of  forms, 
because  that  minimum  is  graduall}'  applied  to  all  the  formwork,  whether 
the  weather  be  warm  or  cold.  Temperature  has  the  greatest  effect  on  the 
setting  time  of  concrete  and  moisture  the  greatest  effect  on  strength  (except 
the  quantity  and  qualitv  of  cement),  therefore  three  days  when  the  temperature 
is  ()o°  to  70°  has  just  about  the  same  effect  as  five  days  at  35°  to  45°. 

The  removal  of  the  girder,   beam   and   slab  forms  can   usually  be  made  as 
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these  ;ire  required  lor  the  next  storey,  providing-  the  beams  and  girders  are 
supported  as  in  tlie  hjvver  parts  (storey  below)  of  Figs.  2  and  3,  where  the 
original  beam  bottoms  are  left  in  as  long  as  posting  is  required. 

It  will  be  noticed  tliat  the  column  clamps  are  closer  together  at  the  bottom. 
This  is  very  necessary,  for  the  pre;ssure  there  while  the  concrete  is  being 
poured  is  probably  twice  that  of  water  pressure  for  the  same  head.  This  is  a 
point  much  disputed,  but  the  writer  intends,  at  an  early  date,  to  make  some 
tests  regarding  such  pressures  on  formwork ;  but  the  first  clamp  should  be 
ab(Hit  h  in.  (to  the  under  side)  above  the  floor  line,  and  for  a  12-ft.  head,  as  in 
this  case,  using  |  in.  sheeting  (nominally  i  in.)  the  spacing  should  vary  from 
15  in.  at  the  bottom  to  24  in.  at  the  top;  if  heavier  sheeting  is  used  in  order 
to  reduce  the  number  of  clamps,  then  the  clamps  must  be  made  mucli  stronger 
than  those  shown — not  that  these  are  very  light,  since  they  are  made  to  suit  the 
sheeting  thickness,  for  it  would  be  folly  to  put  in  strong  clamps  widely  spaced 
with    thin    sheeting. 

The  changes  in  column  size  should  be  made  by  removing  the  sheeting  that 
would  pre\enl  the  clamps  being  brought  up  tight  again,  and  \\hich  should 
have  been  so  placed  in  the  first  making  that  no  ripping  is  necessary.  This, 
naturally,  means  setting  the  columns  out  to  scale  on  paper  and  planning  the 
boarding  to  suit,  a  matter  of  an  hour  at  the  most  before  siartitig  the  job,  but 
a  saving  of  many  hours  after  the  start. 

While  on  the  subject  of  column  forms,  it  would  be  as  well  to  describe 
how  the  first  and  outside  ones  are  held  in  position.  In  the  first  storey  they 
would  be  stayed  by  braces  fixed  to  pegs  driven  into  the  ground,  but  some 
other  arrangement  is  necessary  when  starting  off  a  concrete  floor.  A  i-in.  bar 
is  threaded  both  ends  for  a  distance  of  3  in.,  one  end  is  provided  with  a  nut 
and  washer;  this  end  is  then  placed  in  the  concrete  in  the  middle  of  the  beams 
shown  on  Fig.  i  while  concreting,  with  about  6  in.  outstanding.  By  placing 
the  bolts  in  these  particular  beams  the  posting  is  avoided  l)y  the  braces.  Just 
before  the  column  forms  are  to  be  erected,  a  piece  of  4  in.  by  4  in.  witli  a 
-J  in.  hole  is  placed  in  position  and  held  h\  a  nut  and  washer  screwed  on  the 
outstanding  bolt  and  the  braces  spiked  to  these.  When  the  block  is  no  longer 
in  use  it  is  removed,  the  bolt  unscrewed,  leaving  the  nut  and  washer  embedded 
in  the  concrete,  and  the  hole  filled  with  grout.  A  similar  arrangement  is 
adopted  to  hold  that  portion  of  the  pilaster  fcjrm  which  runs  below  the  floor 
line  as  shown  in  Figs.  2  and  3. 

If  spirals  are  used  for  column  reinforcement  then  the  columns  should  be 
made  octagonal  in  cross-section  to  save  floor  space.  This  means  very  little 
additional  work  ;  in  fact,  it  is  fully  compensated  for  by  the  saving  in  concrete, 
thus  proving  how  small  an  item  it  is  as  regards  cost,  while  the  appearance  of 
the  interior  is  much  improved. 

It  will  be  noticed  that  2  in.  (actually  if  in.)  material  is  used  for  beam 
sides  and  bottom  and  girder  bridge  and  sides.  This  will  prove  economical 
even  if  the  formwork  is  only  used  twice  and  then  returned  to  the  yard,  for 
while  it  is  easy  to  take  any  warp  out  of  the  slab  sheeting  and  column  forms 
by  reason  of  the  weight  of  concrete  in  the  former  and  the  pressure  of  concrete 
and  the  clamps  in  the  latter,  it  is  seldom  possible  to  straighten  a  beam  side. 
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The  main  reason  for  2  in.  material  is  that  the  beam  sides  ha\e  to  act  them- 
selves as  beams,  since  the  shibs  as  well  as  the  beam  itself  must  be  supported 
by  them.  For  this  reason  they  should  be  cleated  with  g"ood  broad  material 
about  6  in.  to  8  in.  wide  and  at  least  I  in.  thick  and  nailed  in  a  systematic 
manner  with  clinched  nails. 

The  g-irder  bridge  should  also  be  made  up  strongly,  for,  like  the  beam 
sides,  it  is  a  piece  of  formwork  that  is  never  altered. 

The  strips  supporting-  the  beam  bottom  are  adjustable  in  case  of  an 
increase  or  decrease  in  depth,  and  should  therefore  be  screwed  on. 

The  fillets  forming  the  splay  on  the  beams  should  be  nailed  to  the  beam 
bottom,  not  to  the  sides,  or  the  beam  sides  would  not  come  away  easily  ;  those 
for  the  girders  should  be  nailed  to  the  sides  if  possible. 

The  ledg'ers  on  the  outside  of  the  beam  sides  ■  hould  be  permanently 
nailed  to  the  cleats  with  their  tops  exactly  5^  in.  below  the  under  side  of 
the  slab  sheeting".  This  allows  the  joists  supporting  the  sheeting  to  be 
"sized  "  as  indicated  in  Fig.  3,  for  6  in.  is  only  the  nominal  size  of  tlic  timber. 
By  using  these  ledgers  the  fiddling  little  blocks  often  used  to  support  the 
joists,  and  which  have  to  be  adjusted  to  suit  a  different  joist  at  each  move, 
are  done  away  with  and  the  joists  can  be  so  placed  that  they  avoid  the  sheeting 
cleats,  or  closer  together  if  a  heavier  slab  has  to  be  supported,  when,  of 
course,  the  girder  bridge  and  posts  may  have  to  be  altered  to  carry  the 
extra  load. 

The  slab  sheeting  is  the  portion  of  the  formwork  that  suffers  most  during 
removal,  the  reason  being  that  too  many  and  too  large  nails  are  used  to 
tack  it  to  the  joists  or  to  the  beam  and  girder  sides.  It  is  only  experienced  men 
who  know  how  to  do  this  tacking  correctly,  nevertheless  it  is  only  necessary 
to  use  i^-in.  brads,  oval  preferred,  for  |-in.  sheeting,  or  2  in.  for  ij-in. 
sheeting,  and  if  a  contractor  is  wise  he  would  only  allow  this  size  on  the  upper 
work;  larger  nails  are,  of  course,  necessary  for  braces,  etc.,  down  below. 
This  tacking  should  only  be  done  where  actually  needed,  avoiding,  if  possible, 
the  beam  and  girder  edges,  because  here  the  nails  would  have  to  go  through  the 
splay  (which  should  be  run  all  round,  setting  back  }  in.  as  shown)  and  would 
be  dri\-en  into  the  beam  sides  at  least  i  in.,  with  the  result  that  when  the 
beam  and  girder  sides  were  pulled  splinters  would  be  broken  off,  due  to  the  nail 
heads  pulling  through  the  timber,  while  if  put  into  the  joists  they  would  remain 
in  the  sheeting  when  the  joists  were  removed,  to  be  easily  driven  back  and 
pulled. 

The  slab  sheeting  should  be  of  tongued  and  grooved  material,  as  for  the 
column  forms,  for  it  is  often  exposed  to  the  sun  over  a  week-end,  when  con- 
siderable shrinkage  would  take  place,  which,  if  on  plain  boards,  would  either 
call  for  much  extra  work  or  else  a  considerable  loss  of  cement  from  the 
concrete,  which  would  spoil  fhe  surface  of  the  floor  below,  besides  decreasing 
the  strength  of  the  slab  and  the  protection  of  the  steel  reinforcement. 

The  object  and  advantage  of  the  keys  are  easily  seen  when  one  considers 
how  the  beam  and  girder  sides  are  freed  for  removal  by  their  use,  but  it  is 
necessary  to  point  out  that  the  nails  must  be  left  outstanding  ready  for  easy 
pulling    and    that    the    men    should    be    instructed    to    tack    them    lightly    to    the 
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beam  sides  to  whicli  xUlx  helonj^',  so  lliat  llic\  l)i-  ready  at  liaiid  when  needed 
for  the  next  storey,  instead  of  throwing  them  U)  the  lienor  to  be  used  for  firo 
wood — as  a  matter  of  fact,  an\  man  found  burning-  (jr  cutting-  up  any  keys, 
wedgies,  clearance  pieces,  or  sole  plates  should  be  discharged,  for  there  is  a 
vast  difference  between  doing;  this  :.md  using-  joist  ends  left  from  ordinary 
construction  work,  since  burning-  is  their  ultimate  end  in  any  case. 

Since  the  chang^es  in  ( olumn  size  must  take  place  patching  is  necessary 
in  the  beam,  girder  and  slab  forming.  This  is  a  simple  though  tedious  pro- 
cess, but  the  keys  should  be  retained,  otherwise  the  material  used  to  extend 
the  beam  and  girder  sides  and  bottoms,  which  must  necessarily  be  put  w  ith  lln- 
grain  vertically,  would  bind  the  formwork  because  of  swelling-  due  to 
absorption   of  water. 

A  very  iniportant  part  of  the  work  is  the  method  of  removal,  and  this  should 
always  bs  carried  out  in  a  careful  manner,  for  more  collapses  are  due  to 
thoughtless  work  on  this  item  than  an}thing  else — except,  perhaps,  bad 
formwork. 

I  ani  not  prepared  to  add  anything  to  what  has  already  been  said  regard- 
ing time  of  removal,  for  it  depends  on  so  many  things,  the  chief  of  which  are  : 

1.  The  cement — for  I  know  of  two  cements,  one  of  which  was  as  strong 
at  28  davs  when  niixed  with  three  parts  "  standard  sand  "  as  the  other  was 
neat. 

2.  Temperature. 

3.  Weight  and  position  of  members. 

4.  Whether  hand-  or  machme-mixed,  for  the  hand-mixing  speed  xaries  so 
much  that  some  partly  set  material  may  have  been  used. 

5.  Long  or  short  span — that  is,  in  proporation  to  depth.  A  short  span 
would  be  able  to  carry  itself  sooner  than  a  long  one,  because  it  would,  no 
doubt,  have  been  designed  for  a  heavier  live  load. 

There  is  no  doubt  that  it  is  dangerous  to  give  definite  remo\al  times 
without  knowing"  the  job  and  conditions,  so  even  if  this  article  appear  incv)m- 
plete  the  writer  is  not  tempted  to  go  further  than  the  three  davs  minimum  in 
summer  or  five  in  winter  for  column  forms  in  this  climate. 

ORDER    OF    REMOVAL, 

1.  Wedges  in  column  forms  struck  and  placed  in  sac-ks  for  hoisting  to 
next  floor. 

2.  Clearance  pieces. 

3.  Sides  of  column  form  under  girder. 

4.  Keys  at  beam  sides. 

5.  Sides  of  column  form  under  beams. 

6.  Post  up  beams  as  close  to  girder  as  possible  with  new    posts. 

7.  Remove  posts  under  girder  bridge. 

8.  Remove  bridges. 

g.  Place  new  posts  under  girders,  near  beams,  with  cross-heads  running 
along  girder  bottoms,  in  same  position  as  original  posts. 

10.  Prop  up  slab  joists  temporarily  as  near  beams  as  possible. 

11.  Draw  nails  holding  beam  sides  to  beam  bottom. 

340 


i 


constpuctional; 
engineering  — ; 


FLOOR  AND  COLUMN  FORMS. 


12.  Loosen  wedg'es  under  posts  supporting-  beams  and  turn  cross-heads 
lengthwise  and  wedge  up  again. 

13.  Remove   beam    sides. 

14.  Remove   girder   sides. 

15.  Remove  shib  sheeting'  and  joists. 

These  operations,  as  pointed  out  before,  would  extend  over  a  number  of 
days  and  the  material  should  only  be  pulled  as  required  for  the  next  storey, 
otherwise  the  worlv  is  made  more  confusing".  The  whole  of  the  formwork 
should  be  marked. 

Do  not  allow  steel  to  accumulate  at  one  place  on  the  forms,  otherwise  they 
will   be  overloaded. 

Green  timber  is  best  where  It  comes  in  contact  with  the  concrete,  'out 
seasoned  material  will  deflect  less  and  should  be  used  for  posts,  clamps,  etc. 

This  article  covers  onlv  a  small  portion  of  concrete  formwork,  but  that 
portion  which  is,  perhaps,  most  often  used,  but  which  does  not  get  as  much 
studv  as  It  merits. 


-HI 


WILLIAM   A    JORDAN. 


[CONCBETEJ 


THE   CEMENT 

GUN. 

A  METHOD  OF 
APPLYING  CEMENT 

MORTAR  BY 
COMPRESSED  AIR. 


By  WILLIAM  A.  JORDAN. 

A  paper  on  the  subiect  of"  The  Cement  Gun  ' '  xoas  read  by  Mr.  William  A.  Jordan  before 
the  American  Society  of  Engineering  Contractors,  from  ■which  the  folloiving  particulars  of 
this  nOTel  method  of  applying  cement  mortar  are  taken.  The  photographs  from  'which  our 
illustrations  'were  made  "were  placed  at  our  disposal  by  the  General  Cement  Products  Co.  of 
New  York.— ED. 

The  methods  of  placing  concrete  in  construclion  are,  relatively,  not  as  far 
advanced  as  the  excellency  of  the  material  itself  warrants.  Cement  as  at 
present  manufactured  is  a  reliable  and  uniform  material  possessing  definite  and 
well  known  characteristics.  To  advance  the  position  thai  concrete  occupies 
among  the  building  materials  of  modern  civilisation  requires  only  the  discovery 
and  exploitation  of  some  method  of  application  that  will  ensure  in  the  finished 
work  the  uniformity  and  strength  known  to  be  possible,  but  in  practice  never 
realised. 

Among  the  various  materials  used  in  l)uilding  construction,  hydraulic 
cement  appears  to  be  one  for  which  machine  application  might  be  most 
rationally  expected,  and,  accordingly,  it  is  with  this  material  that  inventors 
have  experimented   more  extensively  than  with  any   other. 

The  solution  of  the  problem  came  with  the  discovery  of  the  so-called 
"  cement  gun."  As  a  matter  of  fact,  this  is  not  a  "  gun  "  in  the  ordinary 
meaning  of  the  word,  but  it  was  so  designated  from  the  fact  that  the  material 
is  projected  from  the  nozzle  with  considerable  force  and  literally  "  shot  "  into 
place. 

The  cement  gun  consists  essentially  of  a  hopper  into  which  the  cemen- 
titious  materials  are  placed,  a  hose  connected  to  the  bottom  of  the  hopper 
through  which  the  dry  mixture  is  forced  by  compressed  air,  and  a  specially 
constructed  nozzle  at  the  end  of  the  hose  to  which  another  hose  supplying  water 
is  attached  for  hydrating  the  material.  A  diagram  of  the  gun  is  shown  on 
page  343,  and  its  working  will  be  explained  in  detail  later. 

In  the  cement  gun  process,  the  dry  materials  are  forced  through  the  hose 
by  means  of  compressed  air,  hydrated  at  the  nozzle,  and  shot  into  place  with  a 
muzzle  velocity  corresponding  to  a  pressure  of  35  lb.  per  sq.  in.  The  resulting 
product  is  of  a  quality  never  before   attained  by   hand   or   any   other   machine 
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process.  The  combinations  of  the  elements,  cement  and  water,  necessary  to 
produce  the  plastic  material,  takes  place  in  transit,  and  the  latter  is  not 
disturbed  after  it  is  placed. 

It  is  a  well  known  chemical  fact  that  the  instant  water  is  brought  into 
contact  with  cement,  the  initial  set,  or  chemical  combination,  begins.  The 
initial  set  must  be  looked  upon  as  the  commencement  of  that  hardening  which 
gives  the  mass  its  ultimate  strength.  Hence,  subsequent  manipulation  or 
handling  tends  to  disturb  this  initial  set,  and,  consequently,  must  weaken  the 
product.  These  objectionable  features  are  entirely  overcome  by  the  cement 
gun  process  ;  the  hydration  taking  place  in  transit  and  immediately  before  and 
during  emplacement,  and  the  chemical  combination  or  initial  set  taking  place 
where  it  belongs — i.e.,  in  its  final  resting-place,  and  not  on  the  mixing  board. 

The  cement  gun  employs  only  the  necessary  amount  of  water  for  the 
hydration   of   the   cement,    .md   because    the    materials    are   projected    with   con- 


Cross  Section  ov  Cement  Gun. 

siderable  force,  all  surplus  water  and  air  are  expelled.  The  product  is  a  non- 
porous,  impermeable  mass,  possessing  the  maximum  density,  which,  bv 
reason  of  these  qualities,  is  practically  waterproof. 

When  considering  "  gun  "  made  concrete,  it  should  be  borne  in  mind 
that  the  powerful  air  blast  imparts  a  great  velocity  to  the  particles  of  sand. 
By  means  of  the  sand  blast,  ordinary  dry  sand  will  wear  its  way  through  iron 
or'  steel  with  incredible  speed.  In  the  cement  gun  the  high  velocitv  imparled 
to  the  mixture  of  s:ind,  cement,  and  water  as  it  is  thrown  upon  a  surface  to  be 
coated  is  of  the  utmost  importance  in  producing  a  concrete  of  maximum  density, 
as  will  be  explained  further  on. 

It  was  shown  that  to  secure  the  strongest  concrete  a  given  cement  is 
capable  of  producing,  water  sufficient  only  for  the  actual  hydration  of  the 
cement  contents  should  be  added,  because  any  surplus  water  which  may  remain 
weakens  the  mass  by  creating  voids. 
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The  Sea  Wall  at  Lynn,  Mass.,  showing  Destructive  Work  of  Tides. 


The  Sea  Wall  at  Lynn,  Mass.,  Repaired  by    j  he  Ckment  Gin. 

in  the  hopper,  from  which  it  is  fed  into  a  powerful  blast  of  air  which  conducts 
it  throug-h  a  suitable  length  of  ordinary-  rubber  hose  until  the  nozzle  is  readied. 
3+4 


Ik^^^^^^  THE  CEMENT  GUN. 

Here,  in  the  form  of  a  fine  spray,  the  water  necessary  for  hydration  is  added 
at  a  pressure  slightly  in  excess  of  tlie  air  pressure.  The  velocity  with  which 
the  materials  are  travelling-,  however,  is  so  great — 300  ft.  per  second — that 
hvdration  in  reality  takes  place  in  the  air,  after  leaving  the  nozzle,  and  is 
completed  as  the  mixture  is  deposited.  It  is,  of  course,  impossible  to  regulate 
thi-  water  thus  admitted  to  precisely  the  amount  theoretically  required,  as  a 
\erv  small  \ariation  in  the  air  pressure  alters  the  amount  of  dry  material 
llowing  from  the  machine;  nor  is  such  fine  adjustment  necessary  or  achisablc. 
The  mixture  of  sand,  cement,  a.nd  \\  ater  strikes  the  object  or  surface  on  which 
it  is  deposited  with  such  force  that  any  surplus  water  contained  is. continually 
drixen  to  the  surface  and  How  s  awav. 

The  cenx  nt  gun  has  bec'i  used  on  a  number  of  engi:iecring  projects  very 
successfulh'.  Prubablx'  the  m(;st  prominent  place  where  the  gun  has  been  used 
is  the  Panama  Canal.  Here  it  was  employed  to  coat  the  disintegrating  rock  of 
the  Culebra  cut  with  concrete.  The  excavation  through  the  Culebra  cut  at  this 
point  uncoxers  the  disintegrated  clay.  As  the  underlxing  clay  disintegrates,  it 
allows  enormous  masses  of  the  rock  to  fall  down  into  the  excavation,  and  the 
deeper  it  goes  the  more  rock  caves  in.  The  problem  was  to  hold  the  rock  back. 
The  engineers'  original  thought  A\as  to  build  a  flat  wall  through  tb.e  cut.  Their 
idea  was  to  excavate  and  reinforce  with  old  I'rench  riiilroad  iron.  Tliis  revetm^'nt 
wall  x'aried  in  thickness  from  4  in.  to  4  ft.,  depending  on  Ikjw  mucli  excava- 
tion had  to  be  done.  .\  cement  gun  mounted  on  a  flat  car,  willi  five  men 
in  the  crew,  squirting  concrete  from  the  nozzle,  followed  the  contour  of  the 
rocks,  coating  it  to  a  thickness  of  about  2  in.  ;  it  was  not  necessary  to  build  up 
the  concrete  4  ft.  thick,  or  to  ha\e  a  plain,  smooth  surface,  as  given  by  this 
wall. 

The  New  York  Central  and  Hudson  Rixer  R.  R.  Co.  are  using  the 
cement  gun  process  for  coating  the  steel  work  in  their  new  42nd  Street  terminal. 
This  work  has  been  done  without  forms,  or  centering  of  an\-  kind,  and  a 
coating  of  two  to  three  inches  of  concrete  has  been  applied  to  all  structural 
members. 

The  Do\  er  Street  Bridge  in  Boston  was  repaired  by  means  of  the  gun 
process.  Here  it  was  necessarv  to  contend  with  tides,  and  it  was  found  th.it 
concrete  placed  with  the  gun  was  unaffected  by  the  tides  after  it  had  been  in 
place  three  or  four  hours.  In  experimental  work  a  hose  has  been  turned  upon 
cement  gun  work  after  being  allowed  to  stand  2^  hours,  and  it  was  unaflected. 

The  sea  wall  at  Lynn,  Mass.,  was  repaired  b}-  Mr.  J.  R.  Rablin,  Chief 
Engineer  of  the  Metropolitan  Park  Commission,  in  a  \erv  satisfactor}-  manner 
by  means  of  the  cement  gun.  This  work  is  shown  on  page  344.  Here 
also  it  was  necessary  to  contend  with  the  tides,  but  it  was  found  that  they  had 
no  eflect  when  the  cement  was  once  in  place. 

The  gun  holds  about  3  gubic  ft.,  its  capacity  is  about  10^  to  12  tons  of 
material  in  eight  hours,  and  the  materials  are  mixed  by  hand  or  with  a  machine 
before  they  go  into  the  gun.  In  a  large  operation  a  mortar  mixer  was 
used.  It  is  necessary  to  thoroughl}-  mix  and  screen  the  material,  otherwise 
foreign  matter  gets  into  the  feed  wheel  and  chokes  it  up.  The  men  who  put 
in  the  material  are  ordinary  labourers,  but  the  man  at  the  nozzle  must  be 
experienced. 
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VERIFICATION   OF  SCHEMES 
IN  REINFORCED   CONCRETE. 
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By  MAURICE  BEHAR,  C.E. 

yCivil  Eiifiit'eer  of  the  Ecole  Sationale  des  Ponfs  ci  Cliaitsces). 


The  method  of  \erification  g-iven  in  the  October  number  of  Con'crete  and 
CoxsTRUCTiONAL  E.Nc-.iNEERiN'G  was  somewhat  leng-thy.  It  is  the  author's  inten- 
tion to  set  forth,  in  the  following'  article,  a  method  which  has  the  ad\antag"e  of 
being-  much  quicker  than  the  one  previously  described. 

This  method  is  based  upon  the  theory  of  the  calculation  of  bodies  sulijected 
to  bending-,  and  was  originally  established  b\  Mr.  \.  de  Tedesco,  civil  engineer, 
of  Paris. 

I  do  not  think  it  necessary  to  expose  this  theorv  in  the  present  article, 
as  the  reader  will  find  same  completely  de\'eloped  in  the  "  Manuel  Theorique  et 
Pratique  du  Constructeur  en  Ciment  Arme,"  by  Messrs.  X.  de  Tedesco  and  \'. 
Forestier.    (Iiditeurs,   Beranger,   Paris.) 

I  shall  simply  g-ive  the  fundamental  formulae  established  by  the  above- 
mentioned  authors,  and  it  is  my  intention  to  show  how  these  formulae  may  be 
applied  to  the  \eriHcntion  of  a   scheme  in   rcinfcjrced  concrete. 

FUNDAMENTAL    FORMULAE. 

Floor  Slabs. —  1  he  position  of  the  neutral  axis  is  given  bv  the  formula 

_    mcd 
■^'^  t  +  wc 

If  we  assume  that  the  extreme  compressed  fibre  of  the  floor  slab  is  stressed 
at  the  rate  of  6oo  lb.  per  sq.  in.,  and  the  steel  in  tension  at  the  rate  of  i6,ooo  lb. 
per  sq.  in.,  we  obtain,  by  substituting  the  letters  by  their  values  in  the  preceding- 
formula, 

I  ;  X  6co 

y 

Hence  (i)  y  =  o'36d 


1  6000+  I  5  X  600 


x,/ 


The  lever  arm  of  the  bending-  couple 


3 


3 


Hence  (2)  s  =  o-88i 

The  formulae  (i)  and  (2)  will  allow  us  to  verify  any  fl(Xjr  slab. 

Beams. —  J '"><-■  position  of  the  neutral  axis  will  be  g-i\-en,  as  in  the  case  of 
the  floor  slab,  by  formula  No.  (i).  The  lever  arm  of  the  bending^  couple  is 
g^iven  by  the  formula 

,    s  (it         I'08  —  2/;\ 

.U6  (■')     -=''('-7X^77^) 
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In   this   formula   d   is   the   theoretical   height   of   the   beam,    n   the   ratio,  - 

d 
between  the  lliickness  of  the  slab  and  the  theoretical  height  of  the  beam. 

The  application  of  the  formula  (3)  in  each  particular  case  is  rather  lengthy. 

In  order  to  simplify  the  application  of  this  formula,  1  gi\e  herewith  a 
table  giving  the  various  values  of  z  measured  in  feet,  and  for  all  beams  having 
a  height  varying  between  6  in.  and  36  in.  measured  from  the  soffit  of  the  slab. 

This  table  is  applicable  to  beams  having  a  slab  of  a  thickness  varying 
between  3  in.  and  6  in. 

Concerning  beams  not  included  in  this  table,  the  verifier  should  have 
recourse  to  ftirmula  No.   (3). 

Taiu.e  Giving  Lf.vkr  Arms  "Z"  of  Beams. 


h  =  b+e-2h 


1' 


q> 

»  1 

Ni 

^, 



! 

'.   „ 

Z 


Height 
of 

Thickness  of  Slabs 

Beams. 

3  in. 

3J  in.    1 

4  in. 

4J  in 

5  in. 

5*  in. 

in. 

in. 

6 

0 

474 

0 

510 

0 

547 

o- 

583 

0-620 

0-656 

0-693 

7 

0 

547 

0 

583 

0 

620 

o- 

656 

0693 

0-729 

0- 

766 

8 

0 

620 

0 

656 

0 

693 

0 

729 

0-766 

0-802 

0 

838 
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Numerical  Applications.  ^<^^  un  take,  as  an  cxampk  of  ilcx^ring-,  the 
same  tluor  as  lias  already  been  given  in  my  first  article  of  October  last. 

Floor   Slab ^^  c  lia\e  found  for  the   slab  a  maximum   bending  monienl 

of  1,038  ft. -lb.  To  counteract  this  moment  a  thickness  of  4-^7  in.  was  provided, 
and  a  section  of  steel  in  tension  of  o'28o,sc].  in.  per  fo<jt  run  of  slab. 

The  theoretical  height  d  is  therefore 

<'  —  4  2         '     —  3  2 
The  jjcjsition  of  the  neutral  axis  is  therefore,  as  per  formula  (i), 

y  =  o'l6  X  3|"=  i"'26 
'Ihe  lexer  arm  z  is  given  by  the  formula  Xo.   (2). 
We  have  therefore 

2  =  o-88x3-5  =  3"-o8 
The  length  z  measured  in  feet  is 

_3-o8 
1  2 
and  the  force  of  the  l:)ending  couple  is 

A7__i038  X  12 
z  VoS 

Therefore 

F  =  +044  lbs. 
The  working  stress  of  the  steel  per  sq.  in.   is  then 

,  =  -i2±+=,  +  ,+olbs. 
0200 

Concerning   the   concrete   working    in   compression,    "\\e    have    a    section   of 

compressed  concrete  per  foot  run  equal  to 

1 2v=  12  X  1-26=  I  5-1  2  sq.  in. 

The  average  working  stress  of  the  concrete  is  therefore 

^  =  ±^±i-  =  267-46  lbs. 
215-12 

The  stress  of  the  concrete  at  the  extreme  compressed  fibre  is  therefore 

c  =  2  X  2^)7-46  X  2  =  534-92  lbs. 
Beam    A. — We    have    found    for    this    beam    in    the    preceding    article    the 
following    data  :-  — 

Scantlings    0  in.  x  11    in. 

Maximum   bending   moment 38.397   ft. -lb. 

Steel  in  tension  -  ^6  s^-  """• 

The  thickness  of  the  slab  supported  by  this  beam  being  4-0-  in.,  and  the 
depth  of  beam  measured  from  the  soflfit  of  the  slab  being  11  in.,  the  table  of 
lexer  arms  shown  abox  e  gives  us 

2  =  o'-949 

Therefore  the  force  of  the  bending  couple  is 

F  = =  404.01  lbs. 

0-949 

The  stress  in  tension  of  the  steel  is  therefore 

40461 


,..3   1599^  lbs. 


3+8 


l&^omlES'NG^^  FORMULAE  FOR   VERIFICATION  OF  SCHEMES. 


Cuncerning  the  compression  of  the  extreme  fibre  of  the  concrete,  in  order 
to  find  this  \;due  we  shall  calculate  first  the  position  of  the  neutral  axis  given 
b}-  formula  Xo.   (i),  namely-  — 

or    (/  =  1 1"  +  +|"  —  2V'  =  I  3" 
31=0-36  X  I  3"=4"-68 
As  the  width  of  the  slab  working  in  compression   with  the  beam  is  equal 
to  60  m.  (see  article  in  number  of  October),  we  dispose  of  a  section  of  concrete 
working  in  compression  equal  to 

4'5x6o  =  27o   sq.    in.      (See   Fig.    i.) 


Note  that  we  have  neglected  to  take  into  account  the  area  of  the  rectangle 
FGML  in  estimating  the  compressed  section,  in  order  to  render  the  calcula- 
tions easier.     The  average  stress  of  the  concrete  in  compression  is  therefore 


On     the     other     hand,     the 
deformation.  Fig.  2,  gives  us 
c_  _    y 
c      y-e 
c  X 


Hence 
and 


C'\-  c      2  V  —  e 
c  =  {c  +  c')  X 
Substituting-     c  +  c'^. 


respective  values,  we  have 

c  =  2  X  149-86  X 


£x  Tcmion 


288-62  lb. 


2  X  4-68  — 4'5 

If  we  had  found  for  c  a  value  above  600  lb.  this  would  ha\e  indicated 
that  the  concrete  in  compression  was  insufficient.  It  would  then  be  necessar\- 
either  to  increase  the  height  of  the  beam  (depth  of  same  measured  from  under- 
neath the  slab)  in  order  to  regluce  the  force  of  the  bending  couple  or  to  provide 
a  section  of  steel  in  the  upper  portion  of  the  beam  sufificient  to  absorb  the  excess 
of  the  compressive  force  ab(>\e  the  permissible  working  stress  of  600  lb. 

Notice.  — We  have  four.d,  1)_\-  the  first  method  of  \erificatii)n  in  the  floor 
slab, 

c  =  534  lb.  and  /=i4i6o  lb. 
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whereas  by  the  second  method  we  ha\e  found 

c  — 534"92  lb.  and  /  =  14140  lb. 

For  the  beam  a  we  have  found 

ist  Method.— c  =  374  lb.  and  /  =  15381  lb. 
2nd  Method. — c  =  288'62  lb.  and  i  =  15992  lb. 

We  see,  therefore,  by  the  above  comparison,  that  for  floor  slabs  the  results 
of  the  two  methods  of  verification  are  almost  similar.  This  is  because  in  floor 
slabs  the  extreme  compressed  fibre  is  usually  working  at  a  rate  which  is  not  far 
from  boo  lb,  per  sq.  in. 

Therefore  the  position  of  the  neutral  axis  given  by  the  formula  y  =  o"36d  is 
comparatively  accurate. 

This  position  of  the  neutral  axis  would  be  absolutely  accurate  if  the  rate 
of  working  of  the  most  compressed  fibre  of  the  flo<3r  slab  was  equal  to  600  lb. 
per  sq.  in. 

As  far  as  the  beams  are  concerned,  the  dift'erence  between  the  two  results 
is  more  accentuated.  Here,  the  compressive  stress  of  the  extreme  compressed 
fibre  being  rather  far  from  the  permissible  limit  of  600  lb.  per  sq.  in.,  the 
position  of  the  neutral  axis  y  =  o'36(i  is  no  longer  accurate. 

For  instance,  we  have  found,  by  the  first  method, 

J  =  3'"47 
whereas,  by  the  second  method. 

Nevertheless,  the  results  given  by  this  second  method  are  sufiicient  for  the 
purpose,  and  this  method  is  quite  safe  in  its  application,  as  it  gives  for  a 
section  of  steel  higher  stresses  per  sq.  in.  than  the  first  method.  It  follows 
that  by  the  application  of  this  method  of  verification  the  verifier  will  require  a 
slightly  greater  section  of  steel  in  tension  and  consequently  a  great  stability  will 
be  ensured  for  the  beam  under  consideration,  which  is  only  erring  on  the  rigiit 
side. 

On  the  other  hand,  as  lar  as  the  concrete  is  concerned,  by  the  application 
of  the  second  method  of  verification,  we  find  that  the  rate  of  compression  per 
square  inch  is  smaller  than  the  one  obtained  by  the  application  of  the  first 
method,  but,  as  usually  this  working  stress  c  is  rather  far  from  the  limit  of 
600  lb.,  there  is  nothing  to  fear  concerning  the  stabilit}'  of  the  construction. 

In  the  particular  case  where  the  working  stress  c  of  the  concrete  at  the 
most  compressed  fibre  becomes  equal  to  600  lb.  the  results  of  the  second  method 
are  then  as  accurate  as  those  of  the  first  one,  liccausc  in  ihat  case  the 
formula  y  =  o'36(i  is  absolutely  accurate. 

The  length  of  this  article  does  not  allow  me  to  give  at  present  the  method 
of  verification  of  the  portions  of  the  structure  resisting  the  efforts  of  shearing 
and  of  negative  bending  moments  over  the  supports. 

It  is  in\  intention,  however,  to  set  forth  thie  methods  of  veriiication  of  these 
particular  parts  in  a  further  article. 
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NEW  PREMISES  FOR 

MESSRS.  H.  J.  NICOLL  &  CO., 

REGENT  STREET,   LONDON, 

S.W. 


3s: 


Attention  has  of  l^le  teen  so  closely  centered  upon  purely  reinforced  concrete  con- 
struction that  "we  ivould  remind  our  readers  that  the  interesting  development  of  steel  frame 
building  during  the  last  year  or  tivo  should  not  be  o-uerlooked,  inasmuch  as  this  method  of 
construction  ivith  concrete  surfaces  is  sure  to  play  an  important  part  in  the  development  of 
buildings  of  the  future.  — ED. 

CONSTRUCTIONAL    STEELWORK, 

These  important  premises  form  one  portion  of  a  large  block  in  Regent  Street 
which  is  to  be  erected  from  the  desig-ns  of  Mr.  flenry  Tanner,  F.RT.B.A., 
and  althoug-h  a  small  part  of  the  work  has  only  been  completed  up  to  the 
present  a  good  idea  can  be  obtained  of  the  whole  scheme.  The  work  to  the 
front  of  Messrs.  Nicoll's  premises  which  has  been  executed  in  the  first  instance 
was  carried  out  while  the  business  of  the  firm  was  conducted  at  the  rear  of 
the  premises,  with  temporary  entrances  and  show-cases  in  Regent  Street,  and 
this  naturally  complicated  the  work  to  a  certain  extent. 


Fi;.;.  1.      General  View  of  Steelwork. 
New  Premises  for  Mes  =  rs.  H.  J.  Nicoi.l  &  Co.,   Regent  Street,  London,  S.W. 
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The  buikliiif^-,  uhicli  rxlciuls  rii^lil  lliioui^li  to  Warwick  Slrcct,  Ikis  a 
frontaj^L'  lo  Rfj^ciil  Strtrt  of  al)i)Ut  75  ll.,  wliilc  tin-  maxinnim  drptli  is  al)out 
lOh  It.  and  of  this  portimi  llic  pirn-  adjoinmi^'  l\cj;fnl  Street  for  a  i\vp\h  of 
about   70  ft.   has  been  exi-cultJ  aiul  the  rcniaiiiiiii^   portion  is  now    in  hand. 


Fig   2.     Fiont  Ele%ation. 
New    FRtMibES  for  Messrs.  H.  J.  Nicdli    .V  Cn  ,  Ri  gfnt  Streft,  London,  ?.W. 

There  are  six  floors  above  the  gTound  floor  and  a  basement  below  this, 
o-ivine  a  total  heiefht  from  the  roof  to  the  lowest  floor  level  of  about  95  ft., 
while  the  two  topmost  floors  are  formed  in  the  roof.     The  whole  of  the  buildmg- 
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is  of  the  steel-framed  type,  and  the  general  view  in  Fig.  i,  showing-  the  upper 
steelwork  in  position,  will  give  some  idea  of  the  larg-e  amount  required  in  the 
construction. 


Fif4.  3.     Basement,  Plan,  showinti  Ground  Floor  Steelwork. 
New  Premises  for  Messrs.  H.  J.  Nicoll  &  Co.,  Regent  Street,  Londjn,  S.W. 

There  are  seven  stanchions,  spaced  at  varying  distances  along"  the  front, 
to  suit  the  architectural  design  of  the  elevation,  and  owing  to  one  portion  of 
the  building  projecting  forward  9  in.  from  the  general  line,  with  again  another 
set  back  of  2  ft.,  they  are  not  all  in  the  same  straight  line.      The  stanchions  in 
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the    interior   ;ire    spaced   also   at   varying   distances,    the    maxinuim    span    ijeim' 

about  25  ft.,  thus  avoid- 
inj,'-  any  Inrgc  compound 
y:irders.  Al!  the  stan- 
chions are  carried  on 
g-rillag-e  foundations,  the 
largest  being  7  ft. 
square  with  a  depth  of 
5  ft.  6  in.  below  the  base- 
ment Hoor  line.  These 
are  constructed  with  a 
top  layer  (jf  three  14-in. 
by  6-in.  by  46-lb. 
R.S.J,  "s,  and  a  bottom 
layer  of  eight  8-in.  bv 
5-in.  by  28-lb.  R.S.J. 's, 
the  latter  having  a  depth 
of  18  in.  ot  cement 
concrete  below  same,  and 
the  whole  of  the  joists 
and  the  stanchion  base 
were  well  protected  witli 
concrete. 

The  total  number  of 
grillages  which  were  put 
in  under  the  first  part  of 
the  scheme  amounted  to 
twenty-one,  leaving 
seventeen  to  be  con- 
structed with  the  rear 
part  of  the  building-. 

A  typical  detail  of 
the  type  of  stanchion 
employed  is  illustrated 
in  Fif^.  5,  where  the 
details  of  several  con- 
nections arQ  given.  Jt 
will  be  seen  that  the 
compound  stanchions 

were   built    up    of    rolled 
steel    H     sections,     with 
plates     I iveted     to     the 
flanges       as       required. 
The       stanchion       illus- 
trated   is    composed     of 
one   lo-in.   by  8-in.    R.S.J.,   two   lo-in.   by  i-in.   plates  and  two   lo-in.   by  ^-in. 
plates,  giving  a  total  size  of  only  1 1 J  in.  bv  10  in.   The  rivets,  generallv  speaking, 
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Fig.  5.    Typical  Stanchion  Details. 
New  Premises  for  Messrs.  H.  J.  Xicoll  &  Co.,  Regent  Street,  London.  S. 
D  2 
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were  ^  in. 
in  diameter, 
with  a  6-in. 
pitch.  T  li  e 
base  was 
formed  with 
a  ^-in.  plate, 
2  ft.  square, 
and  ^-in. 
gusset 
plates,  2  ft. 
deep,  with 
6-in.  by  4-in. 
b  y  |-in. 
angle  cleats, 
to  form  the 
c  o  n  n  e  c- 
tions,  and 
wherever 
possible  the 
Stan  chions 
were  carried 
through  two 
floors  i  n 
one  length 
and  c  o  n- 
nected  to  the 
upper  length 
with  i-in. 
splice  plates, 
about  2  ft. 
long,  in 
addition  t  o 
the  cap 
plate  and 
angle  cleats 
riveted  In 
the  webs. 

The 
roof  rakes 
illustrated  in 
the  detail 
drawings 
shown  i  n 
Fig.  6  are 
i  n  teresting, 
as    thev    oc- 
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CLirred  at  tlic^  aiig^U-s  of  llic  roof  and  tlius  wfre  required  to  slope  both  from  the 

front      of      the 
~5^e    .  I)uildini4'        and 

also  inward  to- 
ward the  centre- 
line of  the 
frontage.  The 
overall  length 
w  a  s  about 
22  ft.  and  they 
were  composed 
of  an  S-in.  by 
6-in.  R.S.J., 
with  a  i4j-in. 
by  8-in.  by 
^-in.  baseplate, 
for  bolting  to 
the  girders 
upon  whicli 

they  were 
carried.  1    t 

will  be  under- 
stood that  the 
c  o  n  n  e  ctions 
were  rendered 
somewhat  diffi- 
cult on  ac- 
count of  the 
double  slope 
and  the  details 
will  give  an 
idea  of  the 
methods 
adopted. 
T  h  c  floors 
t  h  rough  out 
were  designed 
to  carry  a  live 
load  of  112  lb. 
and  a  dead 
load  of  84  lb. 
per  ft.  super 
a  n  d  c  o  n- 
structed  with 
main  beams 
a  n  d    filling-in 

I-"ig.  6.     Details  of  Roof  Rakes.  _    .  .  "       , 

New  Premises  vck  Messrs.  H.  J.  Nicoll  &  Co.,  Regent  Street,  London,  S.W.  joiStS       W     1 
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Fig.  7.    General  Section  of  Steelwork. 
New  Premises  for   Messrs.  H.  J.  Nicoll  &  Co.,  Regent  Street, 
LONDDN,   S.W. 


cement  concrete  be- 
tween the  fillers. 
The  largest  main 
beams  were  20  in.  b\ 
7i  in.  R.S.J,  and 
the  filling--in  joists 
were  g-enerally  7  in. 
by  4  in.  or  8  in.  by 
4  in.  spaced  3  ft. 
apart  in  the  clear. 

The  drawing-  il- 
lustrated in  Fig.  8 
shows  the  method  of 
framing  for  the  dor- 
mer windows  in  the 
main  roof,  and  it  will 
be  seen  that  in  some 
cases  the  semi-circu- 
lar head  was  formed 
by  bending  angle 
steels  to  the  required 
shape  and  riveting 
same  to  the  5-in.  bv 
3-in.  rakes  which 
carried  the  roof  con- 
crete. The  sill  was 
carried  by  a  3-in.  by 
3-in.  by  g-in.  angle 
riveted  to  small 
angle  brackets,  also 
connected  to  the 
5-in.  by  3-in.  rakes. 

With  regard  to 
the  general  plan  of 
the  building,  excel- 
lent accommodation 
is  provided  through- 
out, the  various 
show  -  rooms  and 
fitting-rooms  being 
exceptionally  com- 
modious, while  the 
appearance  and  im- 
portance of  the  shop 
on  the  ground  floor 
is  improved  by  the 
introduction       of      a 
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gallery  at  the- 
first  -  ilocjr 
level.  Owing 
to  the  large 
cubical  extent 
of  the  pre- 
mises, it  was 
necessary      to 

i  n  t  r  (J  d  ii  c  e 
part\-  walls 
a  n  (\  i  r  o  n 
doors  to  di- 
vide same  up 
into  four 
buildings, 
each  of  which 
has  a  stair- 
case extend- 
ing the  full 
height  of  the 
building. 

The  eleva- 
tion to  Regent 
Street,  which 
is  illustrated 
in  Fif^.  2, 
is       built       in 

Portland 
stone,  with  a 
slated  roof, 
and  has  a 
quiet,  digni- 
fied treatment 
which  renders 
it  a  worthy 
addition  to  the 
arch  itecture 
of  such  a  fine 
street. 

The  con- 
tractors for 
the  work  were 
Messrs.  Hol- 
land 6v:  Han- 
nen,  and  the 
steelwork  was 


carried   out   by    Messrs.    H.    Young  &   Co.,   of   Nine    Elms. 
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THE     STORAGE     OF 
PORTLAND  CEMENT. 

SUGGESTIONS    FOR  DEALERS, 
CONTRACTORS    AND    USERS. 


The  folloivina  advice  as  to  the  storage  of  Portland  cement  luas  contained  in  one  of  the 
very  useful  pamphlets  issued  by  the  Association  of  American  Portland  Cement  Manu- 
facturers, and  lue  commend  its  perusal  to  our  readers. — ED. 


Portland  cement  is  easily  affected  bv  moisture.  It  is  purpusely  made  so;  for,  com- 
bined with  water  and  other  substances,  it  forms  the  best  of  All  building  materials — 
everlasting  concrete.  But  moisture  must  be  kept  away  from  cement  until  it  is  needed 
for  actual  use.  This  means  that  cement  must  be  stored  in  places  which  are  and  can 
be  kept  absolutely  dry.  Upon  the  proper  storage  of  cement  are  dependent  the 
reputation  of  the  contractor  or  builder,  the  trade  of  the  local  dealer,  and  the  satisfaction 
of  the  user. 

TEMPORARY    SHEDS    FOR    CONTRACTORS    AND    BUILDERS. 

On  account  of  the  quantit}'  which  thi-y  keep  on  hand,  dealers  and  contractors  often 
build  special  houses  for  the  storage  of  Portland  cement.  Almost  any  material  will 
do  for  the  construction  provided  it  will  shed  water  and  will  remain  weatherproof. 
Frequentlv  for  temporarv  storage  contractors  build  sheds  of  "  up  and  down  "  plank 
covered  on  the  outside  with  one  or  more  thicknesses  of  tarred  paper.  The  floor  must 
be  above  possible  high  water  and  open  so  that  the  wind  can  circulate  under  it.  To 
make  the  house  more  completely  damp-proof,  the  floor  should  be  double  or  its 
equivalent.  Often  the  same  effect  is  obtained  by  a  make-shift  double  floor  of  loose 
timbers  and  boards  laid  upon  the  regular  floor.  For  such  a  temporary  shed  there  is 
nothing  better  than  a  well-made  one-way-slope  tarred  paper  roof  on  sheathing  laid 
with  tight  joints  lengthwise  or  in  clapboard  fashion  crosswise.  Let  the  roof  have  a 
drip  or  over-hang  of  at  least  a  foot  on  all  sides.  See  that  it  is  absolutely  water-tight, 
that  the  rain  cannot  beat  in  under  the  eaves,  and  that  the  roof  is  fixed  so  firmly  that 
a  wind-storm  will  not  raise  it.  It  is  advisable  to  put  no  windows  in  such  a  house  and 
to  have  the  door  so  securely  hinged  and  fastened  as  to  k.eep  out  intruders.  Where  use 
of  cement  in  the  work  is  dependent  upon  acceptance  by  test,  provision  for  piling 
should  be  made  in   accordance  with   instructions   for  dealers   given   below. 

STORAGE  HOUSES  FOR  DEALERS. 

•  The  same  general  principles  stated  above  apply  to  storage  houses  for  dealers. 
Xaturallv  the  house  is  made  more  permanent  in  character.  Consequently,  it  should 
be  supported  bv  a  concrete  foundation  extending  into  the  ground  below  the  frost  line. 
Likewise  for  a  permanent  building  there  is  no  material  so  good  as  well-proportioned 
concrete.  Place  the  concrete  floor  on  sufficient  coarse,  compacted  gravel  or  broken 
stone,  fill  to  bring  the  floor  level  a  foot  above  the  surrounding  ground.  Slope  the 
surface  of  the  floor  toward  the  door.  For  a  one-storey  building  a  6-in.  reinforced  wall 
is  strong  enough.  With  a  reinforced  concrete  roof,  the  cement  will  be  protected  from 
all  possible  danger  of  dampness. 
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Since  Portland  cement  weij^hs  practically  loo  pounds  per  cu.  ft.,  the  beams  of  the 
floors  elevated  above  ground  must  be  heavy  and  be  supported  at  frequent  intervals  by 
concrete  piers.  If  window  openings  are  necessary,  do  not  use  sash.  A  slron^i  door, 
hinged  at  the  top  and  capable  of  being  fastened  on  the  inside,  is  much  bettor  for 
keeping  out  dampness.  Often  the  building  has  a  solid  or  skeleton  lining  on  the  inside, 
for  reasons  given  under  directions  for  storing  cement.  It  should  be  well  sway-braced 
on  the  inside  to  prevent  springing  of  cracks  or  bulging. 

The  size  of  the  house  is  dependent  upon  the  extent  and  character  of  the  dealer's 
trade.  An  average  carload  of  Portland  cement  contains  about  175  to  200  barrels  of 
four  bags  each.  In  determining  the  necessary  size  of  the  cement  sheds,  consider  that 
each  bag  of  cement  stored  will  occupy  one  cu.  ft.  Do  not  build  too  small.  There  is 
an  increasing  demand  everywhere  for  Portland  cement  and  the  trade  of  loi-al  dealers 
is  far  surpassing  expectations. 

The  character  of  the 'trade  has  much  to  do  with  fixing  the  size  of  the  storage  house. 
Especially  dealers    who  supplv  contractors  should    have  sufficient   room   to   keep   every 


Cement  on  the  Wcrk,  Piled  Properly  on  Wooden  Platform. 


shipment  separate;  for  cement  used  by  contractors  and  builders  must  often  pass  a 
seven-  or  twenty-eight-day  test  before  being  used.  Moreover,  every  cement  storage 
house  should  be  large  enough  to  have  aisles  between  the  piles  of  various  shipments, 
so  that  cement  may  be  removed  from  storage  in  the  same  rotation  as  it  was  put  in. 

STORAGE  FOR  USERS  OF  CEMENT. 

Many  users  of  Portland  cement  need  to  store  it  only  for  the  short  interval  between 
the  time  of  hauling  it  from  the  dealer  and  using  it  in  the  concrete  work.  Anv  building 
with  a  good  roof,  tight  side-walls,  and  a  dry  floor  wiil  do.  Make  a  temporary  double 
floor  by  means  of  small  beams  or  logs  and  loose  boards.  See  that  driving  rains  or 
damp  air  cannot  reach  the  cement. 

DIRECTIONS    FOR    STORING    CEMENT. 

Portland  cement  weighs  nearly    100  pounds   per  cu.   ft.,   therefore  judgment   must 
be    exercised   in   loading  the   floor.      Likewise,   on   account   of   its  w^eight  and   possible 
damage  from   dampness,  do  not  pile  the  cement  against  the  side-walls  of  the  building 
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unless  the  house  is  full-lined  or  skfleton-lined  on  the  inside.  Store  the  cement  so  as 
to  leave  an  open  space  or  an  aisle  along  the  side-walls  and  aisles  at  places  necessary 
to  separate  shipments.  Get  rid  of  all  possibility  of  the  cement  piles  toppling  over  by 
laying  the  bags,  as  a  mason  would  say,  "  headers  and  stretchers,"  that  is,  alternately 
lengthwise  and  crosswise,  so  as  to  tie  the  pile  together.  Examine  the  building  fre- 
quently to  see  that  there  are  no  leaks  in  the  roof  or  side-walls. 

Even  on  the  work  never  pile  cement  on  the  ground  or  on  bricks.  Throw  down 
a  few  blocks,  lay  boards  upon  them  and  make  a  dry  floor  for  the  cement.  Have  just 
enough  cement  on  the  work  to  keep  things  going.  A  good  tarpaulin  is  handy  to  cover 
up  the  cement  in  case  of  a  sudden  shower.  Always  buy  cement  from  the  dealer  who 
has  a  dry  store-house.  If  the  cement  in  the  bag  has  been  wet  it  is  hard  as  a  rock  : 
do  not  use  it  under  any  circumstances.  However,  do  not  mistake  lumps  caused  by 
pressure  in  the  store  house  for  "  set-up  "  cement.  Such  lumps  crumble  easily  and  the 
cement  is  perfectly  good.  Take  care  of  the  Portland  cement  just  as  carefully  after 
receiving  it  as  a  good  dealer  does,  and,  properly  mixed  with  sand  and  stone  or  gravel, 
it  will  yield  a  building  material  proof  for  all  time  against  fire  and  repairs. 
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TESTING  of  MATERIALS    / 
USED    IN   REINFORCED 
CONCRETE, 


By  MR.  A.  ALBAN  H.  SCOTT, 
M.S.A.,  M.R.San.Inst. 


The  folloiving  is  the  text  of  a  very  interesting  paper  recently  read  by  Mr.  A.  Alban  H. 
Scott  before  the  Society  of  Architects.— ED. 


Concrete  and  reinforced  concrete  are  now  being'  used  so  extensively  and  for  such  a 
variety  of  purposes,  and  its  possibilities  are  so  expansive,  that  it  requires  at  the  present 
stage  some  further  careful  investigation  by  architects,  both  as  to  the  strength  and 
properties  of  the  various  units,  as  well  as  the  finished  material. 

The  necessity  for  some  very  serious  consideration  has  been  particularly  impressed 
upon  my  mind,  in  view  of  the  fact  that  certain  figures  are  being  laid  down  as  the 
ulrimate  strength  of  concrete  by  the  various  reports  and  regulations  issued  compara- 
tively recently. 

These  figures  seem  to  have  been  based  upon  results  obtained  from  laboratory-made 
specimens  only,  made  under  the  most  favourable  conditions,  without  any  allowance 
for  the  more  or  less  rough  methods  which  are  only  obtainable  at  present  on  the  actual 
construction.  In  making  some  of  the  laboratory  test  specimens  the  materials  are  very 
accurately  gauged,  thoroughly  and  evenly  mixed,  and  in  lieu  of  the  ordinary  punning 
and  slight  ramming  (if  any)  which  the  materials  get  on  the  works,  they  are  subjected 
to  pounding  down  with  a  heavy  hammer,  thus  getting  an  artificial  result,  such  as  it 
is  impossible  to  attain  under  the  most  perfect  conditions  obtainable  on  even  a  perfectly 
organised  job. 

The  test  results  to  be  considered  this  evening  are  such  as  can  be  reasonably 
expected  from  work  executed  under  a  specification  such  as  the  author  published  last 
year;  but  even  these  results  can  only  be  expected  if  professional  supervision  is  given, 
not  only  to  the  general  work  but  also  to  the  most  minute  points. 

It  has  always  seemed  to  me  to  be  inconsistent  to  take  elaborate  precautions  to 
obtain  cement  of  a  high  and  even  quality  and  treat  the  other  component  parts  as  if 
the  ultimate  strength  of  the  concrete  did  not  also  rely  upon  their  influence. 

The  following  is  an  outline  procedure  I  would  suggest  should  generally  be  adopted 
with  regard  to  the  testing  of  materials  for  reinforced  concrete  work. 

All  tests  to  be  made  at  an  independent  testing  and  experimental  works. 
Testing  of  Cement. — The  cement  to  be  tested  from  samples  taken  from 
the  bulk,  such  samples  being  taken  from  various  parts  of  the  bins  at  the  makers' 
works.  After  the  cement  has  arrived  on  the  job,  samples  again  taken  from  various 
bags,  thoroughly  mixed  and  again  tested.  Further  tests  made  from  time  to  time 
as  the  material  is  being  used  in  the  works,  the  number  of  these  tests  being  regulated 
by  the  magnitude  of  the  consignment,  and  the  time  taken  in  using  same. 

All  tests  of  cement  should  be  made  in  accordance  with  the  British  Standard 
Specification  for  Portland  Cement,  with  the  jurthcr  test  for  ascertaining  resistance 
to  thrusting  stress  of  both  neat  cement  and  also  cement  and  sand,  in  the  same 
proportions  used  for  the  tensional  briquettes. 
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Aggregate  or  Coarse  Material.  —  A  sample  in  bulk  to  be  delivered  on  to 
the   works,   a  sample  taken    and  tested  : — ■ 

I  St.     For  freedom  from  loam  and  other  foreign  matter. 
2nd.     For  the  proportion  of  the  various  sizes  of  the  crushed  material. 
3rd.     For  the  amount  of  voids. 
4th.     For   specific   gravity. 
Tests  repeated  on  the  material  being  used  in  the  works  from  time  to  time  as  may 
be  considered  desirable. 

Sand. —  Sand  to  be  treated  in  exactly  the  same  way  as  aggregate,  and  in 
addition  a  test  for  the  amount  of  material  that  will  pass  a  sieve  of  1/50"  x  1/50" 
apertures  should  be  ascertained;  this,  which  can  be  called  "flour,"  should  be 
rejected. 

Water   is  tested  to  see  that  it  contains  no  unusual  or  injurious  properties. 
Steel  to  be  first  inspected  at  the  makers'  works  with  a  view  to  ascertaining  : 
I  St.     Whether  welds   have  been  made. 
2nd.     For   surface   defects.    , 
3rd.     Correctness  of  diameters. 
Every   rod   over   |"    diameter   must   be    stamped   with   a   die    as    having   been 
inspected.     Smaller  bars  may  be  bundled  and  tie   stamped.      Sample  lengths   are 
taken  from  the  actual  rods,  which  are  duly  stamped  and  sent  to  the  testing  works 
for  the  purpose  of  ascertaining  : — 

ist.     Their  ultimate  strength. 

2nd.    Their  elastic  limit. 

3rd.     Their  elongation  and  contraction  of  area. 

4th.     To  observe  the  structure  of  the  metal  at  fracture — whether  the  same 

is  silky,  granular,  or  fibrous. 
5th.      Bending  test. 
All   these  tests  to  apply  to  rods  and   wire  from   and   including  3/16"  diameter 
rmd   upwards. 

Concrete, —  The  test  specimens  of  concrete  should  be  of  a  standard  >ize  of 
6"  cube.  .Six  specimens  made  for  each  test,  three  made  in  the  laboratory  and 
three  on  the  works.  The  cement  for  each  six  sets  of  specimens  to  be  taken  from 
the  same  consignment.  The  laboratory  tests  specimens  should  be  made  as  far  as 
possible  on  practical  lines,  so  that  the  result  should  be  such  as  can  be  reasonably 
expected  from  concrete  in  the  actual  work. 

All  specimen  ])ieces  made  oii  the  work>  should  be  made  from  concrete  taken 
from  the  actual  mixing  platform.  .\11  such  specimens  should  be  made  in  metal 
moulds,  and  the  concrete  worked  in  by  punning  and  tamping  to  the  same  degree 
as  has  actually  taken  place  in  the  structure.  Si.x  test  cubes  should  be  used  for 
each  test,  and  the  tests  should  be  made  at  the  following  minimum  periods  : — 

7  days. 
28     ,, 
56     „ 
90     „ 
and  I  year. 
For   the  purpose   of   record   and   research   work   such    tests   should   be   carried 
out  at  the  following  periods  : — 

7  days.  6  months.  2 

28     „  9         ..  3 

S6     „  12         „  4 


vears. 


90     ,,  and  5 
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Centering. ~\i)  nuTlianical  tests  arc  rcc]uircd  for  lliis,  l)ul  when  the  slrultiiij; 
is  l)cini4  l)lari'(l  into  position  rouj^h  calciilalions  should  be  made  to  sec  if  anv 
undue  dellection  or  nio\cnient  is  likely  to  take  place  durint^  the  process  of  placinj^ 
the  moist  concrete  into  j)osition,  and  insjx'ction  made  to  see  that  the  joints  have 
been  properly  filled  up  by  rubbint;'  with  hard  bar  soap  or  other  material  to  |)revent 
dripping  of  the  cement  and  sand. 

In  reinforced  concrete  the  concrete  takes  compression  anti  shear;  the  steel  takinj* 
(///  the  tension  and  assistinf^  for  horizontal  and  vertical  shear  and  compressional  strains. 
I  he  concrete  bein<f  stressed  to  not  more  than  600  lb.  per  sq.  in.  in  compression  and 
60  lb.  per  sc|.  in.  in  shear;  the  steel  in  compression  in  beams  not  more  than  nine 
times  per  scj.  in.  that  of  the  adjoining  concrete,  and  in  columns  not  more  than  fifteen 
times  that  of  the  adjoining  concrete  and  steel  in  tension  15,000  lb.  per  sq.  in.  and  the 
adhesion  of  the  concrete  to  the  steel  100  lb.  per  sq.  in.  of  actual  contact. 

I  hese  figures  being  subject  to  various  conditions,  such  as  the  efficient  tying  in 
of  the  steel  in  compression  to  prevent  bulging  of  the  rods,  proper  proportion  of  metal 
to  the  concrete  and  spacing  of  the  steel.  In  the  case  of  columns  the  effective  area  of 
concrete  is  only  taken  as  that  part  which  is  hooped  in  by  the  ties  to  the  vertical  steel 
members. 

If  we  are  working  to  a  factor  of  safety  of  a  fourth  of  the  ultimate,  the  ultimate 
resistance  to  thrusting  stress  of  the  concrete  should  be  not  less  than  2,400  lb.  per 
sq.  in.,  the  resistance  of  concrete  to  shear  240  lb.  per  sq.  in.,  and  the  steel  60,000  lb. 
per  sq.  in.  ultimate  tensile  stress. 

These  figures  show  that  all  the  materials  are  called  upon  to  be  of  high  etificiency, 
and  to  work  in  harmony  and  simultaneously  together,  and  have  been  adopted  in  con- 
sideration not  only  of  their  ultimate  resistance  but  also  the  relative  coefficient  of 
elasticity. 

The  work  is  designed  on  the  assumption  that  ihe  luatcriaJs  actiiallv  used  iu  Ihc 
construction  are  capable  of  resisting  these  stresses. 

The  following  are  a  few  reasons  why  the  author  considers  the  fests  necessary  : — 

Aggregate  and  Coarse  Material.— \i  has  been  found  that  most  aggregates 
(unless  washed)  contain  loam  and  other  foreign  matter.  A  sample  of  river 
aggregate  recently  tested  gave  as  much  as  7  per  cent,  of  loam,  and  most  loams 
have  a  surprising  covering  power,  being  of  the  very  finest  of  "  flour,"  and  con- 
sequently when  the  cement  is  added  there  is  a  thin  film  between  the  cement  and 
the  actual  siliceous  material,  thus  preventing  the  cementing  together  of  the 
particles. 

Some  time  ago  it  was  advocated  in  certain  quarters  that  the  presence  of 
loam  in  aggregate  did  not  decrease,  but  rather  increased,  the  strength  of  concrete ; 
a  slight  mistake  was  made  there,  the  material  which  was  mistaken  for  "  loam  " 
actually  contained  certain  cementing  properties  which  had  the  effect  of  making 
the  concrete  a  richer  mixture. 

With  aggregates  which  are  practically  uniform  in  size,  or  if  the  various  sizes 
are  not  properly  graded,  proper  bond  is  not  obtained  between  the  various  materials 
as  the  mortar  is  concentrated,  and  thus  a  portion  of  the  mixture  is  deficient  in 
cementing  materials,  therefore  it  is  most  desirable  that  the  grading  and  voids  should 
be  worked  out  very  carefully,  and,  with  certain  exceptions,  it  is  found,  within  limits, 
that  the  grading  which  gives  the  smallest  amount  of  voids  in  the  aggregate  and 
sand  results  in  concrete  of  greater  strength.  With  aggregate  and  sand  containing  a 
high   percentage  of  voids  a  greater  proportion   of  cement  is  required. 

364 


&'       CONSTBLiCIIONAi,! 
E-NGINEERING  ^ 


TESTING  OF  MATERIALS. 


TABLE  I. 

Results  of  Tests  of  Aggregates. 


Size 

Not 

squ£ire 

4 

3 

i 

1 

i 

1 

'8 

rs 

3^5 

sV      graded 

aper- 

tures 

Parts 

I 

I 

I 

I 

I 

I 

I 

I          i          I 

1 

Perc.  of 

I.  Thames  Sand... 

voids 

— 

— 

— 

— 

39-9 

39-0 

35-5 

34-5 

— 

— 

2.  Sea     sand     on 

shore  26  years 

— 

— 

— 

— 

26-7 

29-5 

32-0 

—     '     — 

— 

3.  Ordinary  Thames 

Sand 

— 

— 

— 

— 

— 

— 

— 

— 

— 

23-3 

4.  River  sand 

— 

— 

— 

— 

— 

— 

— 

— 

— 

32-0 

Sand     from 

crushed   rock 

— 

— 

— 

— 

— 

— 

— 

— 

— 

33-2 

=;.  Crushed  rock  ... 

40-1 

— 

44-1 

— 

— 

— 

— 

— 



6.  Thames   ballast 

graded 

48-2 

44-5 

43-3 

42-5 

— 

— 

— 

—          — 

— 

7.  Sea  ballast 

41-8 

42-3 

41-8 

42-0 

— , 

— 

— 

—          — 

— 

8.  Ballast  and  sand 

as  from  Banks 

to  pass  only, 

and    not    re- 

tained         on 

apertures     ... 

37-0 

38-0 

37-6 

35-6 

— 

— 

— 

—     1     — 

— 

10.  Thames       sand 
and       ballast 

not  crushed... 


Parts 


Parts 


: 

—     — 

— 

32-0 

28-7 

I 

2      3 

4 

I 

I             2 

2 

42-3 

29-3 

25-1 

1 1.  Sea    Sand    and 
ballast 


12.  Standard    sand 
passing  20  X  20 
retained      on 
30  X  30    mesh 
sieve 


Parts 


Parts 


I               I             4i            3A 

li 

3J 

29-6 

I             I            4i          3* 

li 

li 

3 

23-9 

34-5 

In  this  connection  it  should  be  remembered  that  as  the  number  of  particles 
increase  so  the  proportion  of  the  cement  to  the  whole  should  be  also  increased,  owing 
to  the  greater  covering  power  required.  A  test  cube  made  with  a  very  small  amount 
of  aggregate  and  a  large  amount  of  sand  with  the  usual  proportions  of  cement  gave 
an.  ultimate  resistance  to  thrusting  stress  of  onl}'  about  600  lb.  per  sq.  in.  ;  such  low- 
result  was  entirely  owing  to  the  fact  that  the  usual  amotmt  of  cement  in  that  case 
was  not  sufficient  to  properly  cov^r  each  particle  of  the  sand  and  aggregate,  and  a 
perfectly  cemented  and  homogeneous  mass  was  not  obtained. 

The  ultimate  resistance  of  any  material  is  its  strength  at  its  weakest  point, 
and  the  actual  area  of  the  concrete  is  the  gross  area  minus  the  area  of  voids  at  any 
section  ;  it  is  therefore  necessary  that  the  ascertained  percentage  of  voids  in  the 
aggregate  and  sand  should  be  entirely  filled  up  with  cement  with  an  additional 
allowance    for   completely   surrounding   each    particle.       The   usual    rough    and   ready 
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nu'ans  of  dctcniiiiiinj^  iht-  "  exact  "  |)r()|)()rtii)ii  of  ihc  ccmciu  lo  the  sand  and 
aj^f^rof^ato  have  rcsultt'd  in  many  cases  of  disaster. 

The  specific  i<ravity  of  sand  and  cement  shouki  he  taken  in  order  lo  eoni|)ar.- 
with  the  \veii,fht  of  tlie  t(-st  specimens,  as  such  weiiilil  is  materiaiiv  affected  liv  lln- 
original  weiiihl  of  liie  aj^i^rei^'ate  and  sand.  There  are  at  least  two  methods  of 
ascertaininj4  the  amount  of  xoids,  one  is  by  ascertaining  the  specific  fjravity  of  the 
material  usetk  and,  secondly,  by  allo\vinj4  the  af^f^rej^ate  an<l  sand  to  absorb  moisture, 
then  to  dry  tlie  surfaces  without  extracting  moisture  from  the  material,  ami  then  in 
the  test  tubes  to  add  water  until  such  time  as  (he  level  of  thr  aiji^rei^ate  and  the  water 
is  at  the  same  point. 

Water. — The  water  irsually  obtained  from  town  sup|)lies  can  be  taken  a>  of 
|)r()per  quality  for  use  in  concrete  work,  but  in  country  districts  water  obtained  from 
wells  and  reservoirs  often  contains  foreign  matter,  such  as  peat  and  other  vegetables, 
and  it  has  been  found  that  the  use  of  peaty  water  retards  the  setting  of  the  cement ; 
in  one  case  the  concrete  did  not  set  for  a  period  of  three  weeks,  at  which  stage  the 
concrete  was  still  very  soft  and  was  taken  up. 

Steel. — Tn  no  part  of  the  steel  for  reinforced  concrete  should  welds  be  allowed. 
Welds  can  be  made  in  various  ways,  but  it  is  impossible  to  test  each  weld,  and  in 
these  joints  it  is  not  an  exaggeration  to  say  that  not  one  weld  in  500  would  be  of 
eL|ual  strength  to  the  rest  of  the  bar,  and  it  has  been  ascertained,  with  most  disastrous 
results,  that  the  strength  at  the  point  of  the  weld  goes  so  low  as  30  per  cent,  of  the  bar 
adjoining.  This  is  caused  not  so  much  by  the  lack  of  amalgamation  of  the  material 
itself,  but  generally  by  the  fact  that  large  voids  are  left  right  in  the  centre  of  the 
joint. 

Surface  defects  in  steel  are  often  found  in  the  ordinary  commercial  bars,  being 
indicated  by  most  minute  cracks,  generally  starting  in  the  shape  of  a  "  V."  Although 
such  defects  are  in  themselves  perhaps  almost  innocent,  yet  immediately  the  tnaterial 
is  subject  to  any  stress  they  develop  in  a  most  alarming  manner. 

It  has  been  found  that  the  diameters  of  bars  vary  from  that  specified,  resulting 
in  one  case  in  a  loss  of  12  per  cent,  in  the  area.  E.xcess  diameter  is  also  often  met  with, 
and  as  the  final  measurements  are  taken  on  a  basis  of  the  correct  diameter  such 
excess  of  diameter  will  often  be  the  solution  of  the  difference  found  between  the 
surveyor's  measurements  and  the  weight  alleged  to  have  been  used  by  the  contr;ictor. 
Reinforced  concrete  work  being  designed  on  the  assumption  that  the  whole  of  the 
materials  employed  are  exactly  in  accordance  with  the  specification,  a  reduction  in 
area  of  the  bars  is  most  serious. 

The  ultimate  strength  should  be  taken  at  not  less  than  00,000  lb.,  and  not  more 
than  72,000  lb.   per  sq.    in. 

It  is  necessary  to  keep  a  very  careful  watch  ui)on  every  piece  of  steel  that  is  brought 
on  to  the  site. 

The  elastic  limit  is  also  of  the  utmost  importance,  as  although  steel  might  have 
a  high  ultimate  resistance,  the  elastic  limit  might  be  so  low  that  in  case  an  accidental 
load  is  placed  on  the  work  a  sudden  collapse  might  take  place ;  whereas  by  use  of 
material  with  a  jjroper  elastic  limit  proper  warning  would  be  given  before  its  sudden 
failure. 

It  is  essential  that  steel  should  have  such  properties  as  will  enable  it  to  take  a 
Gradual  and  uniform  extension,  thus  indicating  a  uniformity  of  quality ;  and  the 
contraction  of  area  at  fracture  should  not  be  less  than  45  per  cent,  for  bars  i" 
diameter  and  under,  and  40  per  cent,  for  bars  over  i"  diameter. 

A  silky  fracture  indicates  uniformity  and  a  good  mild  steel,  so  far  as  the  metal, 
as  metal,  is  concerned.     Granular  grain  indicates  brittlcness  and  unequal   quality. 

Concrete. — 1    think    it   is    safe  to   say   that   of  all   materials   used   in    the   building 
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trade  concrete  is  liable  to  and  does  vary  more  than  any  other  material.  Even  if 
every  care  has  been  taken  to  see  that  each  unit  is  of  its  proper  quality  and  strength, 
yet  we  have  in  the  finished  concrete  to  reckon  with  a  very  large  amount  of  human 
element.  One  gang  of  men  may  produce  concrete  of  the  best  quality,  and  another 
gang  on  the  same  work  with  similar  materials  may  give  very  indifferent  results. 
This  depends  a  very  great  deal  upon  the  head  ganger,  and  upon^  the  foreman  who 
selects  such  ganger.  With  a  good  machine  mixer  the  possibility  of  human  error 
is  considerably  decreased,  but  at  the  same  time  an  improperly  designed  mixer  is,  in 
my  opinion,   more  dangerous  than  mixing  the  concrete  by  hand. 

It  was  found  that  concrete  which  has  its  setting  somewhat  retarded  by  sprinkling 
with  water  gives  generally  higher  results  than  concrete  which  was  allowed  to  drv 
under  normal  conditions.  The  question  arises  here,  however,  as  to  the  consistency 
of  concrete  not  only  from  the  point  of  view  of  the  strength  of  the  concrete  itself, 
but  rather  as  to  what  consistency  will  give  the  best  results  in  actual  practice  from 
the  point  of  view  of  contact  with  the  metal,  resistance  to  crushing,  and  shear,  and 
although  it  is  essential  that  only  as  little  water  as  possible  should  be  used  to  prevent 
airholes  occurring  after  the  water  has  been  evaporated,  I  would  feel  inclined  to  use  a 
concrete  slightly  wetter  than  the  average  practice  in  France,  but  certainly  much  drier 
than  the  general  present  use  in   England. 

Comparatively  wet  concrete  will  not  allow  of  it  being  rammed  or  "tamped"; 
whereas,  to  get  a  drier  concrete  into  its  correct  position,  tamping  and  gentle  ramming 
is  essential.  As  the  whole  of  the  strength  of  reinforced  concrete  depends  upon  proper 
adhesion  of  the  concrete  to  the  steel,  it  is  an  essential  factor  that  the  concrete  is  gently 
rammed  at  every  point. 

The  architect  has  therefore  a  much  better  chance  of  making  sure  that  the  concrete 
is  properly  placed  in  position  and  properly  worked  between  the  reinforcing  metal,  and 
the  greatest  trouble  has  been  found  to  be  with  contractors  wishing  to  make  the  concrete 
wetter  than  is  desirable  owing  to  the  fact  that  a  wet  concrete  is  more  easily  placed  in 
])osition  with  much  less  labour  than  a  dr}'  concrete. 

The  usual  period  of  the  first  test  on  concrete  has  until  recently  been  28  days,  but 
with  important  structures,  to  obtain  tests  at  28  days  after  the  concrete  is  made  is  not 
going  to  be  of  very  much  use  for  early  correction  when  the  work  is  being  rapidly 
pushed  forward,  therefore  a  seven-day  test  is  essential,  so  as  to  be  able  to  immediately 
detect  any  error  in  any  of  the  materials  or  workmanship. 

At  the  present  moment  there  are  few  tests  at  seven  days,  so  that  for  the  present 
the  reasonable  resistance  of  concrete  at  this  period  has  not  been  definitely  ascertained. 
(Approximately  350  to  400  lbs.  per  square  inch.)  Such  tests  in  connection  with  the  28 
days'  tests  will  also  give  most  useful  information  with  regard  to  when  it  is  safe  to 
strike  the  centering,  and  when  one  considers  the  failures  that  have  taken  place  owing 
to  the  centering  having  been  removed  too  quickly,  a  seven-days'  test  will  undoubtedly 
becorne  a  recognised  factor  very  shortly. 

The  56  days'  and  qo  days'  tests  are  desirable,  as  they  show  what  is  actually  taking 
place  in  the  work  with  regard  to  th?  increase  or  decrease  in  the  strength  of  the  structure. 
The  concrete  up  to  about  six  months  of  age  increases  in  strength  fairly  rapidly,  but  it 
is  curious  that  from  about  six  to  nine  months  the  increasing  resistance  to  thrusting 
stress  is  very  trifling,  but  after  nine  months  the  strength  of  the  concrete  again  con- 
tinues to  increase  at  a  more  rapid  rate,  although  not  so  rapid  as  during  the  first  six 
months. 
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TABLE    II. 
Results  oi-   ICximcrimi: nts  to  Ascertain*  the  Resistance  to  Thrusting  Stress  of 
SiXTV-EouR  Concrete  Tubes,  made  under  Various  Conditions  at  these  Works. 


Crushed. 

Test 
No. 

Description. 

Weight. 

Dimensions. 

Base 
Area. 

Stress. 

Per  sq.  in. 

Per  sq.  ft. 

ss 

Age,  28  days. 

lb. 

■      in. 

sq.  in. 

lb. 

lb. 

tons. 

2,975 
2,976 

1 

17-90 

6-00  X  6-oox  6-00 

36-00 

34,980 

972) 

62-5  \ 

Not  spriiiklod  -' 
J 

i8-i7 

6-02  X  6-00  X  6-00 

36-00 

36,080 

^■°°^  -1,026 

V'4     66-0 

2,977 

18-31 

6-04  X  6-oox  6-00 

36-00 

39,430 

1,095  I     ' 

70-4  [ 

2,978 

j  Mixed  fairly  wet                            \ 

y   (as  in  practice) 

1               A                Sprinkled            / 

18-16 

6-04 X  6-oox  6-00 

36-00 

37,350 

1,039  i 

66-7) 

2,983 

18-60 

6-10 X  6-oox  6-00 

36-00 

42,750 

1,187  ) 

76-3) 

2,984 

with  water           1 

18-31 

6-04 X  6-oox  6-00 

36-00 

37,920 

'>°53'.  J  118 

69.5  J 

2,985 
2,986 

every  other  flay  1 

i«-43 

6-01  X  6-00  X  6-00 

36-00 

41,500 

1,153  i  '-"" 

for  first  3  weeks  ( 

18-32 

6-02  X  6-oox  6-00 

36-00  ■ 

38,890 

1,080  j 

2,991 
2,992 
2,99.^ 
2,994 

( 

18-04 

6-01  X  6-00  X  6-00 

36-00 

67,700 

I,88I^ 

I2I-0\ 

Not  sprinkled  - 

18-02 
18-15 

6-oox  6-00  X  6-00 
6-03  X  6-00  X  6-00 

36-00 
36-00 

64,300 
54,700 

;:??d— » 

T'T' 

1  Mixed  fairly  dry                             ( 

18-34 

6-06  X  6-00  X  6-00 

36-00 

.  60,700 

1,686  j 

108-4; 

L    not  frammed) 

2,999 
3,000 
3,ooi 

!                  R                                     ( 

18-22 

6-05  X  6-00  X  6-00 

36-00 

57,300 

1,592 ) 

102-4  ) 

1 
Sprinkled  -l 

18-26 
18-10 

6-04  X  6'oo  X  6-00 
6-oox  6-00 X  6-00 

36-00 
36-00 

64,600 
58,800 

IfellU''' 

"5-4'     07.3 

105-0  r  '  -^ 
106-3  j 

3,002 

{ 

18-17 

6-02  X  6-00  X  6-00 

36-00 

59,500 

1,653) 

3,121 

3,122 
3,123 
3,124 

1 

18-36 

6-01  X  6-oox  6-00 

36-00 

68,000 

1,889 

121-5 1 

Not  sprinkled  - 

18-58 
18-28 

6-04  X  6-00  X  6-00 
6-03  X  6-oox  6-00 

36-00 
36-00 

75,000 
73,630 

2,083 
2,045 

■  2,018 

•33-9'  2y-8 
131-5 

j  Mixed  fairly  dry                            ( 

18-37 

6-03  X  6-00  X  6-00 

36-00 

74,010 

2,056 

132-2  ) 

L         (rammed) 

3,129 
3,130 
3,131 
3,132 

c                               ( 

18-50 

6-04  X  6-00  X  6-00 

36-00 

71,460 

1,985 ) 

127-6) 

1 
Sprinkled  - 

i 

18-66 
18-S6 

6-03  X  5-00  X  6-00 
6-04  X  6-00  X  6-00 

36-00 
36-00 

74,270 
74,860 

2,063 
2:080  r  2,°32 

\^^'^-^ 

)                                                              i 

18-43 

6-02  X  6-00  X  6-00 

36-00 

72,060 

2,002  j 

128-7) 

3,007 

f 

18-13 

6-03  X  6-00  X  6-00 

36-00 

80,580 

2,238  \ 

143-9) 

3,008 
3,000 

\                                 Not  sprinkled  ■> 

l8-20 

17-90 

6-02  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 

36-00 
36-00 

83,100 
83,280 

M^  "■"' 

;;^.  ■«■» 

3,010 

1  Mixed  very  dry                               I 
I         (rammed) 

18-05 

6-01  X  6-00  X  6-00 

36-00 

73,470 

2,041  j 

131-2^ 

3,015 
3,016 
3,017 
3,018 

f                  ^                                         ( 

17-72 

6-02  X  6-OOX  6-00 

36-00 

63,250 

1,757) 

1 13-0) 

Sprinkled  J 

18-28 
i8-io 

6-00  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 

36-00 
36-00 

83,460 
85,020 

1,875) 

l^^r^^-' 

1                                                               i 

17-72 

6-00  X  6-00  X  6-00 

36-00 

67,500 

120-6  j 

Test 
No. 


s  s 
2,979 
2,980 


2,987 
2,988 
2,989 
2,990 

2,995 
2,996 
2,997 
2,998 

3,003 
3,004 
3,005 
3,006 

3,125 
3,126 
3,127 
3,128 

3,133 
3,134 
3,135 
3,136 


Description. 


Ase,  90  days. 

Not  sprinkled  - 

Mixed  fairly  wet 
-    (as  in  practice) 

A  Sprinkled 

with  water 
every  other  day 
for  first  3  weeks 


Not  sprinkled 

Mixed  fairly  dry 
-    (not  rammed) 


B 


Sprinkled 


Not  sprinkled 


Mixed  fairly  dry 

(rammed) 

C 


Sprinkled 


Wght. 


lb. 

7-76 

7-77 

7-78 

7-95 

7-57 
7-64 
7-82 
7-87 

8-13 


8-i8 
8-30 
8-28 
8-25 

8-34 
8-45 
8-52 
8-25 

8-46 
8-40 
8-32 
8-36 


Dimensions. 


m. 
6-oox  6-oox  6-QO 
6-oox  6-oox  6-00 
6-oox  6-oox  6-00 
6-00  X  6-00  X  6-00 

6-00 X  6-oox  6-00 
6-00  X  6'oox  5-00 
6-00  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 

6-00  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 
6-OI  X  6-00  X  6-00 
6-01  X  6-oox  6-00 

6-01  X  6-oox  6-00 
6-01  X  6-oox  6-00 
6-01  X  6-oox  6-00 
6-01  X  6-oox  6-00 

6-00  x  6-00  X  6-00 
6-00  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 
6-oox  6-OOX  6-00 

6-oox  6-oox  6-00 
6-00  X  6-00  X  6-00 
6-00  X  6-00  X  6-00 
6-oox  6-00 X  6-00 


Base 
Area. 


sq.  m 
36-00 
36-00 
36-00 
36-00 

36-00 
36-00 
36;oo 
36-00 

36-00 
36-00 
36-00 
36-00 

36-00 
36-00 
36-00 
36-00 

36-00 
36-00 
36-00 
36-00 

36-00 
36-00 
36-00 
36-00 


Crushed. 


Stress. 


lb. 
64,720 
63,920 
64,560 
64,200 

58,190 
62,930 
65,130 
71,410 

87,410 
85,960 
89,880 
88,180 

90,400 
86,950 
93,850 
90,800 

100,500 
105,100 
106,900 
107,200 

117,300 
109,200 
124,400 
104,000 


Per  sq.  in.   Per  sq.  ft. 


lb. 
1,798) 

''^7H  1,787 

1,783) 


1,616^ 

1,748 

1,809 


1,789 


2,428  \ 
2,388 

2:497  h"^'^° 
2,449 ' 

2,511 1 

2,607  ('5^'^ 
2,522) 

2,792  ) 

2,969    '^  ^ 
2,978 ) 

3,258 ) 
3,033  L ,  1,0 

3,456  I  3>I59 


Increase 

over 
28  days 


tons. 
115-6) 
"4-2  f„ 
115-3  I   *^ 
114-7) 

103-9) 

"^-^^  "5-5 
116  3    -^  -^ 

127-6) 
156-1*) 

'Ft  - 156-9 
160-6   -"  ^ 

157-5) 

161-5) 
155-3'.  J61.7 
167-71    '^i 
162-2  j     ' 


179-5  ) 
187-7  I 
190-9  I 
191-5) 

209-5 ) 
195-0  ( 

222-2 
185-8) 


187-4 
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Test 
No 

Description. 

Wght.'      Dimensions. 

Base 
Area. 

Crushed. 

Increase 
over 

Stress. 

Per  sq.  in.        Per  sq.  ft. 

28  days. 

s  s 

Ase,  90  days. 

lb.    j              in. 

sq.  in. 

lb. 

lb.           1        tons. 

% 

3.0II 

Not  sprinkled  j 

18-28 

6-01  X  6-00  X  6-00 

36-00 

128,000 

3,556)            1  228-7  \ 

3,012 

3,013 

i8-oo 
i8-o6 

6-01  X  6-oox  6-00 
6-01  X  6-oox  6-00 

36-00 
36-00 

rig, 020 
121,620 

3,306  1 
3,378  r  3-3" 
3,004  / 

212-6  „, 
217-21-212-9 

48-9 

3,014 

Mixed  very  dry                           ( 

17-69 

6-oox  6-oox  6-00 

36-00 

108,150 

193-2) 

>-     (rammed) 

3.019 

^                                       ( 

17-82 

6-00  X  6-00  X  6-00 

3600 

110,980 

3,083) 

198-3) 

3,020 
3,021 

Sprinkled  -1 

17-90 
17-98 

6-oox  6-oox  6-00 
6-oox  6-00 X  6-00 

36-00 
36-00 

130,050 
136,220 

^Ja:     3,554 
3,736) 

lll-l-'-^ 

71-0 

3,022 

i8-io 

6-00 X  6-oox  6-00 

36-00 

134,500 

240  3 

Proportions  :  4  cu.  ft.  Thames  ballast  (passing  J  in.  and  retained  on  J-in.  mesh). 

2  cu.  ft.  sand  (25  per  cent,  passing  J-in.  and  retained  on  J-in.  mesh,  75  per  cent,  passing  |-in.  mesh). 
I  cu.  ft.  "  Ferrocrete  "  Cement  (76-2  lb.) 
For  tensile  strength,  etc.,  of  Cement  used  for  above  tests,  see  report  dated  November  9th,  loio. 


Gals. 

Ots. 

Pts. 

Water  added 

/Group  A 
J      „       B 

5 

I 

I   = 

(53-75  lb. 

to 

4 

2 

0  = 

(45-0  lb.) 

above 

1     „     c 

-     4 

0 

0  = 

(40-0  lb.) 

quantities. 

I     „       D 

3 

2 

0  ~ 

(35-00  lb. 

Percentage  of  Voids. 

SS4780     Ballast  passing  J-in.  and  retained  on  J-in.  mesh  41-3  per  cent. 

SS4779     Sand         ,,  }-in.         ,,         ,,  ^-in.       ,,  40-5     ,,         ,, 

SS4778     Sand         ,,  |-in.         ,,         ,,  29-1     ,, 

99  Southwark  Street,  London,  S.E.  David  Kirkaldv  &  So.v, 

December  2nd,  1910. 

You  will  see  that  there  are  many  things  to  be  learnt  from  this  excellent  series  of 
tests  made  at  Messrs.  Kirkaldy's  works.  At  28  days  the  highest  result  obtained  was 
an  average  of  2,225  lb.  per  sq.  in.,  and  at  90  days  the  highest  result  was  3,554  lb. 
These  two  results  can  be  taken  as  being  the  greatest  amount  of  resistance  that  can  be 
obtained  from  concrete  made  under  the  most  favourable  conditions,  and  it  should  be 
compared  with  the  lowest  results  obtained,  which  is  1,026  lb.  per  sq.  in.  in  28  days,  and 
1,787  lb.  per  sq.  in.  in  90  days,  with  varying  results  between  these  two  extremes,  and 
the  question  arises  as  to  which  is  the  most  probable  result  that  would  be  obtained  from 

work  in  actual  practice. 

TABLE  III. 
Result  of  Grading  of  Sand. 


Sand. 

Retained  on 
30  X  30 

Passed  30  x   30 

Retained  on 

50  X  50 

Passed 

50  X  50 

Total. 

! 

Sample  i. 

29-0  p.c. 

*5-5  P-c. 

55-5  P-c. 

lOO-O 

Sample  2. 

48-2  p.c. 

14-0  p.c. 

36-8  p.c. 

lOO-o 

We  have  heard  that  in  certain  concrete  works  2,000  lb.  per  sq.  in.  is  invariably 
obtained  on  concrete  28  days  old,  but  I  hesitate  to  accept  this  figure,  and  such  high 
results  are  possibly  accounted  for  by  the  fact  that  the  tests  might  be  made  on  a  machine 
such  as  one  which  is  used  in  conjunction  with  a  mercury  column  whereby  a  high  result 
can  be  obtained  if  the  load  is  put  on  too  rapidly,  whereas,  for  properly  conducting  a 
professional  test,  the  test  load  should  be  put  on  at  a  low  speed.  In  all  tests  a  sudden 
load  will  give  a  much  higher  result  than  a  gradually  increasing  load. 

Effect  of  "Flour"  in  Concsete. — The  question  has  often  arisen  as  to  the  effect 
of  very  fine  sand  or  so-called  sand  on  concrete,  and  we  have  had  two  series  of  tests 
carried  out  on  materials  of  this  nature. 

Table  3  shows  the  result  of  the  grading  of  sand.  Table  4  shows  the  test  on  cement 
used  for  the  specimen  pieces. 

Table  5  shows  the  result  of  tests  to  ascertain  the  resistance  of  thrusting  stress  on 
standard  sand  and  cement. 

Table  6  shows  the  result  of  tests  on  the  briquettes  containing  the  very  fine  materials. 
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TABLli  IV. 

Test  on  Cement  used  for  Tensile  Tests. 

Briquettes,  i  in.  by  i  in. 


Neat  Cement. 

3  parts  Standard  Sand  to  i  part  Cement. 

Lb. 
572 
527 
570 

551 
356 
Mean  of  5  tests  555-2  lb. 

per  sq. 

in. 

Lb. 
196 
238 
206 

192 

191 

Mean  204-6  lb. 

Age  seven  days. 

Residue  upon  sieve  50x50,  o'o  ;  upon  sieve  76x76,  o"o ;  upon  sieve  180  x  iSo,  io"5 
per  cent.  Time  of  initial  set  (25  per  cent,  water),  three  hours;  set  hard,  nine  and  a 
half  hours.  Pats  remained  sound  in  air  and  cold  water,  also  in  water  kept  at  a 
temperature  of  1 15-120  degrees  Fahr.  for  48  hours. 

Le  Chatelier  test  for  soundness  :  Cement  aerated  for  24  hours,  expansion  3*5  mm.  ; 
after  seven  days'  aeration,  expansion  i  mm.  ; 


0. 


86-56 
86-28 
85-11 
85-80 
94-10 
95'25 


Weight  of  cement  per  cu.  ft.  obtained  by  various 
methods  of  filling  cubic  measure. 


T.A.BLE  V. 
Result  of  Experiments  to  Ascertain  the   Resistance  to  Thrusting  Stress  of  Cubes  of 

Standard  Sand  and  Cement. 


Description. 


From  Bin  No.  22 
Neat  cement 
Age,  7  days 


3  parts  standard  sand 

I  part  cement  (by  weight) 

Age,  7  days 


Base 

Dimensions. 

' 

Area. 

In. 

Sq.  in 

3-00  X  3-00  X  3 

01 

9-03 

3-00  X  3-00  X  3 

00 

9-00 

3-00x3-00x3 

00 

9-00 

3-00  X  3-00x3 

01 

q-03 

3-00  X  3-00  X  3 

02 

9-06 

Crushed. 


Total. 


Per  sq.  in. 


Lb. 

41,440 
43,480 
42,240 
41,320 
41,000 


Lb. 

4.589 
4,831 
4,693 
4,576 
4,525 


Mean 

3-00  X  3-00  X  3-00 
3-00  X  3-00  X  3-00 
3-00  X  3-00  X  3-01 
3-00  X  2-00  X  3-01 
3-00  X  3-00  X  3-01 

Mean 


9-02 


4i,t 


4,643 


9-00 

10,420 

1,158 

9-00 

11,080 

1,231 

9-03 

12,080 

1,338 

9-03 

10,440 

1,156 

9-03 

11,400 

1,262 

9-02 


11,084 


1,229 


Not  sufficient  quantity  (jf  material  of  "  sample  sands." 
Nos.  I  and  2  to  make  comparative  experiments  to  ascertain  the  resistance  to  thrusting  stress. 

TABLE  VI. 

Test  on  Briquettes  Cement  and  Sand  Samples  i   and  2   for  Tensile  Strengths. 

Briquettes,  i  in.  by  i  in. 

Sand  Sample  No.   i.  Sand  Sample  No.  2. 

lb.  per  sq.  in.  Lb.  per  sq.  in. 

112  178 

108  180 

102  170 

103  191 
100  168 

Mean   105  lb.  per  sq  in.  Mean  177-4  lb.  per  sq.  in. 

Proportions  :   3  sand,  i  cement  (by  weight).     Age,  7  days. 


TESTING  OF  MATERIALS 


It  will  be  observed  from  these  tests  that  the  average  strength  of  briquettes  with 
standard  sand  and  cement  gave  a  mean  of  204'b  lb.  at  seven  days,  whereas  the  sand 
(Sample  No.  ij  gave  only  105  lb.  per  square  inch,  and  sand  (Sample  No.  2)  which 
contained  a  less  amount  of  flour  gives  an  average  result  of  i77'-i  lb.  per  square  inch. 

On  Table  4  the  extraordinarily  different  weights  per  cubic  foot  of  cement  is  given. 
The  same  cement  was  used,  but  different  methods  of  filling  were  adopted.  It  certainly 
confirms  the  necessity  of  most  carefully  considering  whether  the  cement  for  all  work 
should  not  be  measured  by  weight  and  not  by  cubic  measure. 

Another  test,  made  as  shown  on  Table  7,  shows  that  with  standard  sand  we  get 
i82"2  lb.  at  seven  days  and  234'6  lb.  at  28  days;  whereas,  with  the  test  on  "  flour  " 
s-and  as  described  on  the  table,  we  only  get  53*2  lb.  at  seven  days  and  104  lb.  at  28  days. 

TABLE  VII. 

Results  of  Experiments  to  Ascertain  the  Tensile  Strength,  etc.,  of  Cement  and 
Rock  Dust,  a.vd  Cement  and  Sand. 

Twenty  specimens  moulded  here,  immersed  in  water  and  tested  at  the  ages  of  7  and  28  days. 
Briquettes,  sectional  area  i  sq.  in. 

Ceme.nt  and   Rock  Dust  Cement  and  Sand. 

(3  parts  Rock  Dust  to  i  part  Cemen  ,  (3  parts  Standard  Sand  to  i  part  Cement, 

by  weight.)  by  weight.) 


Age,  7  davs. 

Age,  28  days. 

Age,  7  days. 

Age,  28  davs. 

Test  No. 

Test  No. 

Test  No. 

Test  No. 

QQ-            ib- 

QQ-              ib- 

QQ-            lb. 

QQ-            lb. 

4586     ...     64 

4591     -••     135 

4603     ...      194 

4606     ...     264 

4588     ...     56 

4590     ...     100  Received  Oct. 

8th.     4599      ---      184 

4605     ...     259 

4587     ...     50 

4593     ...     100 

4602      ...      183 

4604     ...     243 

4584     --     48 

4589     ---       97 

4600      ...      177 

4607     ...     208 

4585     ---     48 

4592     ...       88 

4601      ...      173 

4608     ...     199 

Mean    of 

Mean    of 

Mean    of 

Mean    of 

5  tests    53-2 

5  tests    104-0 

5  tests    182-2 

5  tests  234-6 

The  rock  dust  used  was  that  which  passed  through  the  30  x  30  sieve.     The  Standard  sand  was 
passed  through  20  x  20  sieve,  and  retained  upon  30  x  30  sieve. 

The  tensile  strength  of  the  cement  used,  in  making  the  above  briquettes,  was  480-0  lb.  per  sq.  in. 
at  7  days,  and  583.0  lb.  at  28  days. 

Residue  upon  sieve  50x50,  q.q  ;  upon  sieve  76x76,  0.9  per  cent.;  and  upon  sieve  180x180, 
15-9  per  cent. 

David   Kirkaldv  &  Son. 
99  Southwark  Street,  London,  S.E. 
November  6th,  1908. 

Specifications  often  provide  for  the  work  to  be  tested  with  one  and  a  half  limes 
the  load  it  has  been  designed  to  carry ;  a  factor  of  safety  of  four  is  taken  in  the 
calculations  to  provide  for  inequalities"  of  workmanship  and  materials,  for  allowance 
for  fatigue  of  material  under  strain  and  for  isolated  accidental  excess  loading.  Con- 
sidering that  with  one  and  a  half  times  the  safe  load  the  concrete  in  compression  is 
working  up  to  900  lb.  per  square  inch;  adhesion  150  lb.  per  square  inch;  200  lb.  in 
shear,  and  steel  varying  up  to  22,500  lb.  per  square  inch  in  tension,  the  parts  .so  tested 
by  the  application  of  such  loads  may  be  permanently  injuriously  affected. 

If  the  materials  are  tested  as  suggested  in  this  paper  and  professional  supervision 
is  given  to  the  work,  tests  on  tjie  finished  structure  are  not  necessary ;  if  it  is  desirable, 
then  only  the  safe  load  should  be  applied,  and  if  no  undue  deflection  takes  place  no 
further  loading  can  serve  any  useful  purpose. 

I  have  confined  myself  to  git^ing  you  this  evening  results  of  tests  which  have 
been  made  from  works  I  was  associated  with,  and  can  vouch  for  all  the  information 
placed  before  you. 
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TWO    LARGE  CONCRETE 

DAMS    IN 

AUSTRALASIA. 


We  have  pleisure  in  giving  below  descrpfions  of  tivo  very  large  concrete  dams, 
one  fo-  the  ivater  supply  of  Auckland,  Neiv  Zeahnd,  and  the  other  at  Coolgardie  for 
the  Western  Australia  luater  supply.  It  is  gratifv'ng  to  note  the  headway  that  this 
method  of  cons'ruction  is  making  in  our  colonies. — ED. 


CONCRETE  IN   THE   CONSTRUCTION    OF   THE    NEW   WATER    SUPPLY    FOR 
AUCKLAND,   NEW   ZEALAND. 

Owing  to  the  increase  in  tlie  population  nf  the  city  of  Auckland,  it  was  found  necessary 
to  provide  additional  water  for  the  city,  and  Mr.  Hugh  Munro  Wilson,  consulting 
engineer,  of  Auckland,  to  whom  we  are  indebted  for  our  illustrations,  was  entrusted 
with  the  work  of  surveying  a  source  and  carrying  out  a  gravitation  scheme.  The 
following  particulars  of  the  new  water  supply  appeared  in  our  contemporary,  The 
Engineer. 

The  site  chosen  was  in  the  Waitakerei  ranges,  which  lie  about  17  miles  due  west 
from  the  citv.     After  careful  investigation,  it  was  decided  to  tap  the  Waitakerei  stream 


View  cf  Cam  in  CcurEC  of  Construction. 
Concrete  Impounding  Dam,  Auckland  Water  Supply. 
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at  a  point  immediateiy  at  the  head  of  the  celebrated  falls,  which  have  a  sheer  drop  of 
300  ft. 

The  works  embraced  in  the  scheme  included,  anioni^  others,  4  miles  of  bush  road 
formation;  if  miles  of  t^raded  track  through  the  Foot  Hills  to  take  the  27  in.  diameter 
locking  bar  pipe  main  fromi  the  break  pressure  reservoir  in  the  open  country ;  the 
formation  of  half  a  mile  of  mountain  cutting',  10  ft.  wide;  the  tunnel,  y  ft.  by  7  ft., 
through  the  main  range  and  half  a  mile  long;  the  construction  of  a  break  pressure 
reservoir  on  the  Foot  Hills  at  the  east  side  of  the  range  and  the  construction  of  the 
concrete  impounding  dam,  which  is  the  largest  by  far  in  New  Zealand. 

The  break  pressure  reservoir  is  of  concrete  with  a  principal  roof,  and  has  a 
capacity  of  1,000,000  gallons.  Its  top  water  level  is  at  an  elevation  of  47o'3o  ft.  The 
main  tunnel  offered  no  particular  engineering  diflicul'.ies.     It  went  through  solid  ground 


View  of  Valve'  Well  in  Course  of  Construction. 
Concrete  Impolnding  Dam,  Auckland  Water  Supply. 


composed  of  hard  conglomerate  and  sandstone  rock;  it  was  practically  dry  throughout, 
and  no  timbering  was  required.  The  clearing  of  the  impounding  area  was  remarkable 
cniy  for  the  enormous  quantity  of  bush  that  had  to  be  removed. 

,The  site  chosen  for  the  concrete  impounding  dam  is  admirable.  It  is  so  situated 
that  it  impounds  every  gallon  of  water  discharged  by  no  less  than  six  different  creeks  or 
streams,  draining  an  area  of  about  3,000  acres.  In  June,  1905,  a  start  was  made  to 
clear  the  bush  from  the  site  in  order  to  define  the  exact  position  of  the  dam.  It  w^-s 
then  found  that  it  would  have  to  be  where  two  converging  spurs  were  cut  through  cy 
the  stream,  and  to  utilise  these  spurs  for  abutments  a  curved  dam  was  decided  upon,  as 
a  straight  dam  would  have  cut  both  spurs  obliquely. 

In  designing  the  dam  .Mr.  Munro  Wilson  decided  to  adhere  to  a  gravity  section, 
notwithstanding  the  additional  strength  gained  by  the  curvature  form,  as  a  guard 
against  earthquake   shock.     The  curve  is  to  a  3S2  ft.  radius,  and  the  total  length  at 
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top  water  level  is  533  ft.     The  lowest  foundation  is  at  \v\-(\  ()02-4i    ft.  in  the  bed  of  the 
creek,  and  it  rises  j^radualiy,  and  practically  uniform!}-,   to  642-()o  ft.   at  the  east  end. 


\ievv  of  .Spillway. 


View  of  a  Portion  of  the  Dam. 
Concrete  Impounding  Dam,  Auckland  Water  Supply. 
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and  642'5o  ft.  at  the  west  end.  The  top  \\nter  level  was  originally  fixed  at  666"5o  ft., 
but  was  afterwards  raised  to  668'5o  ft.  The  foot  of  the  parapet  is  671  "50  ft.,  and  the 
latter  is  terraced  at  the  ends  to  673*50  ft.,  thus  giving  a  total  height  of  71  "09  ft.  from 
the  lowest  foundation  level  to  the  top  of  the  parapet.  The  upstream  face  batters  |  in. 
to  the  foot,  and  the  down-stream  face  8  in.  to  the  foot  up  to  the  649'5o  ft.  level,  from 
which  point  the  up-stream  face  graduates  to  a  vertical  at  the  668-50  ft.  level,  and  the 
down-stream  side  curves  at  a  tangent  and  gives  a  crest  top  width  of  3-50  ft.  The 
parapets  are  3  ft.  high  and  2  ft.  thick,  and  an  overflow  weir,  100  ft.  long,  has  been  left 
in  the  centre. 

The  water  is  drawn  off  by  a  vertical  20-in.  cast-iron  pipe  column  standing  in  a 
semi-circular  chamber  on  the  up-stream  side ;  within  this  chamber  are  assembled  all  the 
valves,  which  draw^  the  water  at  three  different  levels.  The  approximate  content  of  the 
storage  reservoir  is  290,000,000  gallons,  and  the  submerged  area  is  approximately 
50  acres. 

The  total  quantity  of  excavation  in  the  foundations  v  as,  approximately,  7,000  cubic 
}'ards.  The  concrete  was  of  two  kinds,  numbered  i  and  2.  The  latter  was  used  only 
on  the  up-stream  face,  where  it  was  6  in.  in  thickness.  No.  i  was  used  throughout  the 
remainder  of  the  structure.  No.  i  concrete  was  composed  of  18  cubic  ft.  of  i-^  in. 
metal,  g  cubic  ft.  of  f  in.  metal,  11  cubic  ft.  of  sand,  4^  cubic  ft.  of  cement.  No.  2  was 
composed  of  18  cubic  ft.  of  |  in.  "  shivers,"  11  cubic  ft.  of  sand,  4^  cubic  ft.  of  cement. 

All  concrete  w  as  mixed  by  hand  in  cubic  yard  batches,  and  in  the  following  manner. 
The  whole  of  the  materials  were  gauged  in  cubical  boxes.  The  sand  and  cement  were 
first  mixed  together  by  being  turned  twice  dry.  The  metal  was  spread  6  in.  thick,  the 
"  shivers  "  were  equally  spread  over  it,  and  the  whole  was  covered  by  the  combined 
sand  and  cement.  The  mass  was  then  turned  tw^ice  dry.  Water  as  required  was  added 
during  the  third  and  fourth  turns,  and  the  whole  then  received  two  final  turns;  six 
turns  in  all.  Owing  to  stone  "  plums  "  being  used,  the  water  was  to  a  certain  extent 
forced  out  of  the  concrete  again ;  therefore  the  quantity  of  water  used  per  batch 
continually  varied,  as  some  batches  had  to  act  as  an  absorbent  to  prevent,  loss  of  matrix; 
for  this  reason  Mr.  Munro  Wilson  preferred  hand  to  machine  mixing,  as  the  constantly 
varying  conditions  were  more  under  control. 

Before  laying  the  concrete  the  portion  of  foundation  to  be  covered  was  washed  by 
nozzle  under  45  lb.  pressure  per  sq.  in.,  and  made  absolutely  clean.  Upon  the  surface 
so  obtained  a  thick  coat  of  pure  cement  grout  was  laid,  and  heavil}'  crushed  into  the 
rock  surface,  and  upon  this  was  laid  a  ^-in.  coat  of  2  to  i  cement  mortar,  and  the 
concrete  was  placed  immediately  upon  that. 

The  No.  I  and  No.  2  concrete  mixtures  were  placed  in  position  at  the  same  time, 
and  well  rammed  together.  Stone  "  plums,"  with  a  minimum  size  of  i  cubic  ft.  in 
every  direction,  were  inserted,  12  in.  back  from  the  up-stream  face  above  all  foundations, 
and  9  in.  back  from  the  down-stream  face.  The  stones  were  washed  under  pressure 
before  using,  and  were  well  ground  down  into  the  concrete,  which  was  used  very  wet 
and  practically  flowed  round  the  stones  till  they  were  covered  to  the  requisite  depth ; 
upon  which  another  layer  of  stones  were  bedded.  Spading  and  ramming  were  kept 
continuous.  No  concrete  was  tipped  from  barrows  into  place,  but  was  placed  by  shovel 
from  a  small  bunker  at  the  face. 

The  whole  work  was  built  m  courses  3  ft.  high,  accurately  levelled  and  kept 
continuous  till  the  course  was  completed  from  end  to  end.  All  the  concrete,  when  in 
place,  was  covered  with  bags  kept  constantly  wet  for  four  days,  and  after  the  bags  were 
removed  the  set  concrete  was  kept  constantly  wet  by  hosing  till  the  succeeding  course 
covered  it.  All  concrete  surfaces  were  washed  under  the  usual  pressure,  and  well 
grouted.     This  system  of  building  was  specified  throughout,   and  was  continued  up  to 
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the  654-50  ft.  le\i'l.  The  contractor  then  requested  to  be  allowed  to  substitute  massed 
concrete  owinf*  to  the  want  of  room.  This  was  assented  to,  and  the  work  was  completed 
with  the  No.  i  concrete  in  mass  laid  in  6-in.  layers,  and  tipped  from  the  barrow. 

There  were  160  ft.  of  the  east  end,  and  190  ft.  of  the  west  end  of  the  dam  in  trench, 
which  receded  to  -|o  ft.  at  each  end  at  top  of  dam.  The  up-stream  side  of  the  trench 
was  dressed  neatlv  and  vertical,  .nnd  against  this  surface,  after  being  well  wa.shcd  and 
covered  with  a  thick  coat  of  neat  cement  grout,  the  concrete  was  laid  and  well  rammed 
into  the  surface,  no  timbering  being  used.  At  the  ends,  and  also  30  ft.  from  the  ends, 
chaml^ers  were  cut  into  the  bank  4  ft.  l)v  3  ft.  These  were  prepared,  as  was  the  rest  of 
the  face,  and  filled  with  concrete.  They  were  cut  out  from  the  bottom  upward  for  each 
3  ft.  course,  the  continuous  line  of  trench  and  concrete  being  thus  broken.  These 
chamber  locks  started  at  the  foundation  and  continued  to  2  ft.  above  top  water  level. 
The  top  of  the  dam  was  finished  off  with  4-in.  and  i^-in.  nozings,  and  all  horizontal 
surfaces  were  covered  with  f  in.  2  to  i  cement  rendering.  This  was  the  only  rendering 
on  the  whole  work,  the  remaining  concrete  from  bottom  to  top  being  left  as  stripped 
from  the  moulding  boards. 

The  method  of  construction,  as  detailed  above,  has,  we  understand,  proved  perfectly 
satisfactory.  The  dam  is  stated  to  be  absolutely  water-tight,  there  not  being  a  sign  of 
moisture  on  the  down-stream  face,  nor  over  the  inside  of  the  valve  chamber,  the  wall 
of  which,  though  onlv  of  an  average  thickness  of  3  ft.  g  in.,  being  absolutely  dry  with 
40  ft.  of  water  against  it  at  the  present  time. 

A  CONCRETE   DAM    AT    COOLGARDIE    FOR    THE    WESTERN    AUSTRALIA 

WATER    SUPPLY. 

Having  a  dailv  supply  of  5,600,000  gallons  of  water,  with  a  total  length  of  351^  miles 
of  conduit  from  the  supply  reservoir,  Coolgardie,  the  great  goldfields  city  of  West 
Australia,  has  completed  a  very  comprehensive  scheme  that  has  many  fine  engineering 
features,  at  a  capital  cost  of  ;^2,5oo,ooo,  the  period  of  construction  being  about  five 
years.  The  weir  was  built  to  meet  a  maximum  pressure  on  any  portion  of  the  wall 
that  should  not  exceed  eight  tons  per  square  foot,  and  that  the  centres  of  pressure 
should  be  well  within  the  middle  third,  both  with  the  reservoir  empty  and  when  5  ft. 
of  water  w^as  flowing  over  the  crest. 

Preliminary  Worlcs. — The  reservoir  and  the  first  pumping  station  are  situated 
at  the  bottom  of  a  deep  valley  some  miles  from  the  nearest  railway,  and  as  all  material, 
except  stone,  for  the  concrete  of  which  the  weir  was  built  had  to  be  brought  from  a 
distance,  the  first  work  put  in  hand  was  the  construction  of  a  tram-line  to  the  standard 
railway  gauge  of  the  State,  starting  from  Mundaring  station  on  the  existing  line  of 
railway.  The  next  question  was  the  provision,  at  a  comparatively  waterless  spot, 
of  a  permanent  supply  of  water  fit  for  the  use  of  the  many  men  to  be  emplo}ed,  as 
well  as  for  the  works.  The  requirements  were  met  by  constructing,  in  the  bed  of  the 
future  reservoir  and  about  nine  chains  above  the  weir  wall,  a  temporary  concrete  dam, 
impounding  about  20  million  gallons,  and  by  forming,  from  the  by-wash  with  which 
this  small  reservoir  v»-as  provided,  a  channel  capable  of  carr3ing  away  100,000,000 
gallons   a   day. 

Foun</ar/ons.— Generally  speaking,  the  country  at  the  reservoir  site  is  very  rocky, 
consisting  largely  of  undecomposed  granite,  traversed  by  intrusive  basaltic  dykes 
whose  direction  is  mostly  at  right  angles  to  the  course  of  the  river.  At  the  site  of  the 
weir,  however,  the  granite  showed  out  particularly  clearly,  and  the  few  trial  shafts, 
put  down  where  the  rock  was  shattered,  reached  solid  at  no  great  depth,  the  deepest 
of  the  shafts  being  only  20  ft.  deep  from  the  ground-surface.  On  opening  up  the 
foundations,    howev^er,   it   was   discovered   that  the   rock   was   nothing   like  as   solid  as 
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surface  indications  and  trial  jjits  promised;  for  on  the  rif4ht  baniv  a  Jarj^c  portion  of 
what  at  first  appeared  to  be  bcd-roci-c  was  found  to  consist  of  an  immense  boulder  with 
a  large  cavity  below  it;  and  under  the  Ixd  of  tlie  river  the  granite  was  verv  badly 
fissured  over  the  full  width  of  the  foundations.  It  was  not  possible  to  vary  the  site, 
as  the  disruption  was  lound  to  extend  l)oth  up  and  down  stream  for  a  considerable 
distance,  and  there  was  no  alternative  but  to  follow  the  li>>urc  down,  which  was  done 
until  a  depth  of  90  ft.  below  river-bed  was  reached.  It  having  been  seen  that  the 
fissure  had  a  northern  underlay,  a  \-erti(-al  boring  was  now  made  on  the  rorth  bank 
of  the  river  and  was  continued  for  a  further  depth  of  52  ft.  The  bore  was  then  filled 
with  water,  and  the  material  in  the  fault  was  subjcct'^l  to  a  hydrostatic  pressure 
equivalent  to  a  head  of  690  ft.,  which  was  maintained  for  four  hours,  during  which 
time  the  foot  and  hanging  walls  of  the  fissure  and  the  line  of  the  fissure  of  the  excava- 
tions were  all  carefully  examined;  but  no  sign  of  moisture  could  be  detected.  It  was 
concluded  that  the  material  in  the  fissure  at  the  dejith  which  the  excavations  had  then 
attained  was  impervious  to  water  and  that  it  would  therefore  be  safe  to  erect  the 
weir   thereon. 

Where  the  wall  would  be  highest — that  is,  where  the  fissure  occurred  in  the 
foundations — the  excavations  were  carried  down  about  15  ft.  from  the  building-line 
in  a  vertical  direction  on  the  up-stream  face  ;  but  as  one  of  the  basaltic  dykes  crosses 
the  valley  a  short  distance  away  on  the  down-stream  side,  it  was  considered  necessarv 
to  remove  the  whole  of  the  material  between  the  hanging  wall  of  the  dyke  and  what 
would  otherwise  have  been  the  toe  of  the  weir.  The  concrete  filling  of  foundations 
was  carried  up  to  bed  level  on  the  up-stream  face,  but  on  the  lower  side  the  mass 
filling  was  stopped  18  ft.  below  bed-level  and  the  wall  proper  w-as  begun  to  the 
designed  section.  The  granite  beds,  or  floors,  w'ere  deeply  chased  in  longitudinal  rows 
about  6  ft.  wide  and  3  ft.  deep,  and  the  toe  of  the  wall-batter,  where  it  met  the 
granite  floor,  was  channelled  the  whole  length  to  kev  the  concrete  in. 

The  great  inequality  in  the  depth  of  the  foundations,  and  their  apparent  doubtful- 
ness for  a  work  of  this  magnitude,  have  not  appreciably  affected  the  weir ;  for  although 
very  fine  vertical  lines,  such  as  invariably  occur  in  the  concrete  lining  of  service 
reservoirs  in  hot  countries,  have  made  their  appearance  here,  they  have  not  extend'  d, 
and  any  slight  sweats  have  taken  up. 

The  reservoir  is  provided  with  two  valve-towers  constructed  of  concrete.  The 
inner  tower  (situated  on  the  reservoir  side)  of  the  weir  was  built  into,  and  concurrently 
with,  the  main  wall,  being  approximately  semi-circular  in  section.  The  outer  valve- 
tower  is  rectangular  in  section,  and  is  situated  175  ft.  down-stream  from  the  centre 
of  the  weir-wall,  being  connected  therewith  by  a  viaduct  which  carries  the  outlet  ard 
scour  pipes,  all  soh'dly  bedded  in  concrete,  as  far  out  as  the  outer  valve-house. 

Provision  is  made  for  drawing  water  from  the  reservoir  at  three  different  levels, 
namely,  at  25^  ft.,  53  ft.  and  80  ft.  below  full-supplv  level,  by  means  of  24-inch  cast 
iron  bell-mounted  pipes,  passing  through  the  valve-tower  wall  into  a  cast-iron  stand- 
post.  Each  draw-off  inlet  is  provided  with  a  stop-valve  placed  in  the  valve-chamber, 
from  which  valve  rods  are  carried  up  to  bevel-geared  headstocks,  all  placed  on  the 
upper  valve-tower  floor,  which  is  i  ft.  9  in.  above  maximum  flood-water  level  of  the 
reservoir. 

A  concrete  lined  spill-water  basin,  about  150  ft.  long  by  100  ft.  wide,  is  constructed 
in  the  river-bed  at  the  toe  of  the  wall,  with  a  depth  of  water  of  about  to  ft.  The  water 
is  confined  bv  a  mound  across  the  river-bed,  constructed  of  rubble,  faced  with  concrete. 

The  Cement.  In  the  construction  of  the  weir  wall  76,418  casks  of  Portland  cement 
were  used,  and  a  further  1,090  in  the  spillwatcr  basin  r.nd  other  subsidiary  works, 
n^.aking  a  total  of  77,508  casks.     A  cenn  nt  wiTich  did  mt  dt-mand  much  slaking  before 
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use  was  especially  necessary  in  connection  with  the  smaller  scattered  works  of  the 
scheme,  distributed  as  they  were  over  350  miles.  In  these  smaller  works  the  cement, 
having  passed  the  necessary  tests,  was  used  direct  from  the  casks,  because  to  slake  and 
then  repack  it  would  have  entailed  considerable  expenditure  ;  but  at  the  weir  provision 
V\  as  made  for  slaking  fully  all  cement  requiring  it. 

The  tests  carried  out  on  the  cement  were  of  an  exhaustive  character.  Situated 
as  the  works  were  at  such  a  distance  from  the  source  of  suppl}'  this  was  essential. 
In  all  ninety-two  complete  analyses  were  made  and,  taken  altogether,  the  cement 
received  was  very  satisfactory.  The  tests  of  tensile  strength  ranged  from  three-dav 
and  seven-day  hot  and  cold  bath  tests  to  twenty-eight-day  cold  bath  tests,  a  reserve 
of  briquettes  being  often  retained  from  the  various  batches  for  long-date  tests. 

Below  the  cement  shed,  on  the  same  level  as  the  quarry  road,  the  stone-crushing 
plant  was  erected.  In  the  same  shed,  but  below  the  crusher,  was  situated  the  concrete 
mixer,  portable  and  self-contained,  of  the  rotating  barrel  t3-pe,  mechanically  fed  with 
cement,  stone,  and  sand  in  the  proper  proportions,  and  capable  of  mixing  20  cubic  vards 
of  concrete  per  hour. 

Except  about  1,000  cubic  yards  of  sharp,  coarse-grained  sand  obtained  from  the 
river  about  one  mile  below  the  weir  site,  the  whole  of  the  sand  was  brought  from  either 
Lion  Mill  or  Bayswater,  distant  eight  miles  and  twenty-two  miles,  respectively,  by 
railway.  That  from  the  former  was  of  quartz,  and  very  fine  grained,  yielding  even 
and  good  results  in  the  testing-room. 

About  30,000  cubic  yards  of  spalls,  for  crushing  to  concrete  size,  were  selected 
from  the  material  obtained  in  the  excavation  of  the  foundations.  For  the  plums 
and  the  balance  of  the  spalls  required  a  quarry  was  opened  on  the  north  bank  of  the 
stream,  below  the  weir,  and  about  70  ft.   above  river  bed. 

The  Application  of  the  Concrete. — The  weir  and  all  accessories  were  built  cf 
concrete,  but  in  the  former  large  rough  granite  blocks,  just  as  quarried,  were  intro- 
duced into  the  concrete.  It  was  originally  intended  to  build  the  wall  with  50  per  cent, 
of  these  large  blocks;  but  without  proper  plant,  which  was  not  available,  handling 
would  have  been  very  expensive.  The  concrete  consisted  of  five  parts  by  measurement 
of  granite  crushed  to  2i-inch  gauge,  two  parts  of  cleaned  sand  and  one  part  of  Portland 
cement.  So  long  as  the  wall  remained  below  the  level  of  the  mixing-house  the  mixture 
was  conveyed  to  the  work  on  an  endless  conveyor,  working  in  a  trough,  with  travelling 
boards  secured  by  ropes  and  spaced  2  ft.  apart,  thus  ensuring  that  the  heavier 
aggregate  was  not  separated  from  the  matrix  on  the  way.  Later  the  concrete  was 
conveved  on  a  trolley-line  in  skips  to  a  large  derrick  crane,  which  lifted  the  skips 
on  to  temporarv  tram-lines  on  the  growing  wall ;  they  were  then  pushed  by  hand  to  a 
travelling  steam-crane  which  lifted  each  skip  in  a  bridle,  overturned,  emptied  and 
returned  it  to  its  carriage.  The  concrete  was  spread  and  rammed  by  hand,  the 
various  layers  being  broken  up,  so  far  as  the  width  of  the  wall  would  allow,  in  order  to 
break  bond  in  both  beds  and  joints;  and  in  addition  the  large  rough  blocks,  up  to 
2  cubic  3-ards  in  volume,  were  deposited  and  thoroughly  bedded  and  grouted  in  order 
to  key  the  bedding  planes  together. 

For  the  first  10  ft.  the  batter  was  lined  and  the  concrete  retained  by  rubble  masonr}', 
but  above  this  level  wooden  framing  was  substituted.  This  framing  was  of  Oregon 
pine,  and  consisted  of  uprights  9  in.  by  3  in.  and  15  ft.  long,  cut  to  the  sweep  of  the 
wall  section,  spaced  3  ft.  apart,  and  closely  lined  on  the  wall  face  with  12-in.  by  ^-in. 
Oregon  boards.  Rendering  of  the  face  was  not  desired  or  found  necessary,  as  great 
care  was  taken  when  depositing  the  wet  concrete  in  contact  with  the  moulding  boards 
to  keep  all  stone  well  back  with  straight  spades,  and  a  good  finished  face  resulted  on 
stripping. 
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//  is  our  intention  to  publish  the  Papers  and  Discussions  presentea  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method nue  are  adopting,  of  dividing  the  subjects  into  sections,  is,  lue  believe,  a 
neiv  departure. — ED. 

THE  PAINT  AND   VARNISH  SOCIETY. 

THE  PROTECTION  AND  FINISHING  OF  CONCRETE 
AND    CEMENT    SURFACES, 

Paper  by  MR.  ROBERT  CATHCART. 

Tlie  foUoiviiig  is  an  abstract  of  a  paper  read  on  March  21st  last  before  the  Paint  and 
Varnish  Society  by  Mr.  Cathcart,  -ivho  is  well  ktioivn  in  connection  ivith  concrete 
luork  in  America. 

The  protection  and  treatment  of  concrete  surfaces  in  recent  years,  owing  to  the 
increasing  usage  of  concrete  and  cement  in  modern  building  construction,  have  been 
problems  necessitating  very  careful  investigation  and  research  by  the  engineer,  archi- 
tect, surveyor  and  builder.  Many  ideas  for  the  accomplishment  of  the  above  have  been 
suggested  and  tried.  But  the  great  difiliculty  that  immediately  confronts  the  average 
investigator  is  the  applicability  of  the  piotecti\e  or  finishing  materials  to  that  of 
concrete. 

Appreciation  of  the  connection  which  exists  bet\\ccn  the  physical  elements  of 
concrete  and  those  of  other  building  materials,  such  as  natural  stone,  brick,  terra-cotta, 
\vood,  etc.,  and  their  relative  differences  to  weathering  and  wearing,  has  to  a  large 
degree  limited  exterior  concrete  surfaces. 

From  various  opinions  of  architects,  engineers,  and  builders,  it  would  seem  that 
a  proper  method  for  the  protection  and  finishing  of  external  concrete  surfaces  would 
imdoubtedly  promote  the  extension  and  use  of  monolithic  concrete  structures,  which 
under  existing  conditions  have  to  be  faced  with  building  stone,  terra-cotta,  or  brick. 
However,  Portland  cemeiit  concrete  is  a  fire-resisting  and  economical  building  material, 
ana  its  great  utility  in  all  classes  of  construction  has  placed  it  in  a  position  beyond  that 
of  others,  and  its  needs  for  protection  and  finishing  are  imperative.  The  great  obstacle 
to  the  decoration  and  finishing  of  concrete  has  been,  in  the  main,  first,  that  no 
particular  attention  was  paid  to  the  selection  of  the  aggregates  in  the  "mix,  or  their 
influence  upon  the  resulting  surface;  second,  the  methods  of  mixing  and  placing  the 
aggregate  and  forming. 

Concrete,  therefore,  is  subject  to  matp-  conditions  which  make  the  methods  and 
modes  of  protection  and  finishing  a  difficult  problem — for  instance,  discoloration  and 
variability  of  colour,  which  are  due  probably  to  the  bleaching  out  of  the  lime  compounds 
and  their  disposition  upon  the  surface  in  the  form  of  "  efflorescence";  or,  in  cases 
of  excess  water  being  used  in  the  mixture,  the  surface  in  such  places  would  give  a 
laitence  "  face,  which  is  a  thin  impermeable  formation  caused  by  the  lighter  particles 
of  the  cement  floating  to  the  surface,  or  roughness  due  to  the  irregularity  of  the 
"form"  work;  carelessness  in  the  preparation  of  the  form  to  receive  the  concrete, 
or  too  long  a  period  elapsing  after  the  preparation  of  the  form  to  receive  the  concrete. 
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deposits  of  foreign  matter,  such  as  sawdust  and  liardened  mortar,  the  choking  of  the 
mix  in  the  forms,  or  insufficient  tamping. 

The  density  and  porosity  of  a  concrete  surface  is  largely  governed  by  the  amount 
of  the  gauging  water,  its  mechanical  mixture,  and  the  mechanical  inethod  of  placing. 
The  main  object  in  procuring  density  in  concrete  is  for  water-tightness,  the  protection 
of  the  metal  reinforcement  from  corrosion,  and  from  loss  of  its  adhesion  with  the 
stiucture.  We  have  therefore  three  surfaces  to  consider  in  the  protection  and  finishing 
of  concrete  : — 

(I J  Dense  Surfaces.  —  These  are  generally  obtained  by  the  careful  selection  of 
the  aggregates,  their  method  of  mixing,  and  placing  under  normal  temperatures. 

(2)  Porous  Surfaces.  —  These  may  be  caused  by  the  leanness  of  the  mortar, 
or  a  fat  mixture  concreted  dry,  or  the  loss  of  the  mixing  water  by  absorption  through 
the  forming  or  insufficient  tamping,  the  addition  of  bad  mixing  water,  adulterated 
additions  to  the  cement,  concreting  in  heat  or  cold.  This  concrete  is  particularly 
sensitive  to  temperature  changes,  and  the  metal  may  be  corroded  by  the  presence 
of  moisture  entering  through  the  porous  surface. 

(3J  Mortar-face  Surface.— T\\\s  is  generally  produced  by  the  excessive  use 
of  water  to  obtain  impermeable  sui  faces  for  reservoirs  and  other  heavy  construction 
work,  or  the  excessive  damping  or  tunning  of  the  aggregate  to  the  back  of  the  form. 
This  concrete,  when  applied  to  the  forming,  is  generallv  what  is  termed  excess 
moisture.  It  has  one  very  great  objectionable  feature  regarding  the  surface  protection 
and  decoration  in  that  it  "  crocodiles  "  and  spalls  owing  to  shrinkage,  due  to  the 
elifference  of  the  coefficient  expansion  or  contraction  of  the  outer  or  inner  surfaces. 
This  is  a  surface  that  has  caused  a  great  deal  of  criticism  on  external  concrete 
surfaces  because  of  the  light  hairline  cracks — which  we  call  in  the  paint  world 
"  alligating  " — and  the  small  areas  of  surface  wliich  spall  or  scale,  giving  the  average 
layman  an  idea  that  a  concrete  external  surface  is  not  one  that  would  compare  with 
the  average  natural  or  artificial  facing  materials. 

"  The  external  influences  of  the  atmosphere  and  atmospheric  gases  upon  surface 
elements  of  concrete  demand  a  treatment  for  its  preservation." 

Surface  elements  show  their  destruction  in  various  forms  of  disintegration  : — 
Cleavage  aad  Parting. — The  swelling  and  contraction  of  the  crust  against  the 
giain  l)ond  and  the  binding  substance  by  the  alternate  action  of  heat  and  cold. 
During  the  calcination  of  the  materials  the  chemicallv  conii^ined  water  is  driven  off, 
and  during  this  process  a  shrinkage  due  to  the  withdrawal  of  this  moisture  in  concrete 
is  a  very  important  factor.  For  instance,  in  a  1:2:6  concrete  the  coefficience  of 
shrinkage  during  the  calcination  is  equal  to  about  f  in.  per  100  ft.,  while  a  temperature 
of  121  deg.  Fahr.  would  be  necessary  to  cause  the  same  contraction  as  results  from 
the  loss  of  moisture.  The  coefficient  changes  with  the  various  richer  or  weaker 
mixes.  The  additions  of  hydrated  lime  and  lime  compounds  are  sometimes  added 
to  mixes  to  equalise  this  condition,  but,  when  added  in  excess,  generally  swell  anel 
disintegrate  the  surface.  They  have  not  to  any  degree  of  satisfaction  fulfilled  the 
purpose. 

Fracture. — The  loss  of  adhesion  by  the  softening  action  of  water  against  the  grain 
bond  and  binding  substances.  A  surface  may  appear  perfectly  drv,  yet  percolation 
may  be  actually  taking  place.  Water  can  pass  through  construction  so  slowly  that 
the  evaporation  from  the  outside  proceeds  more  rapidly  than  the  water  can  reach  the 
surface. 

Permeability. —  Ihe  saturation  of  the-  porous  strata  bv  capillarity,  gravitation,  or 
immersion  under  water,  or  the  gaseous  products  of  combustion  in  the  atmesphere. 
It  would  seem  that  the  iilling  of  the  superficial  voids  upon  the  surface  with  water 
or  vapours  would  have  a  tendency*  to  fill  those  voids  with  a  crystallisation  of  the  salts 
in  the  pores,  and  this  would  be  accompanied  by  swelling,  causing  disintegration. 
For  protection  against  such  entrance,  a  strictly  waterproof  repellant  would  s?cm 
necessary. 

Htrdness. — The  inability  of  the  binding  substance,  cement,  to  resist  friction, 
causing  powdering  or  "  sanding  up."  This  is  applicable  to  both  weathering  and 
wearing  surfaces.  "  Sanding  up  "  on  concrete  may  be  due  to  a  great  many 
mechanical  causes^soft  sand,  loam  or  other  foreign  matter  in  the  sand,  poor  mixing, 
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excess  sand  over  cement,  loss  of  time  between  mixini*  and  plating,  mixtures  too  wet 
or  too  dry,  the  use  of  dryers,  the  low-er  layers  of  concrete  not  being  able  to  take  care 
of  the  excess  moisture  in  the  mix.  This  surface  cannot  be  trowelled  owing  to  its 
moist  condition,  taking  its  initial  srt  before  it  can  be  fmished,  thus  reducing  its 
strength. 

The  problem  of  available  means  and  resources  for  the  treatment  of  concrete 
surfaces  has  generally  been  governed  by  the  materials  that  w'ere  depended  upon  for 
supply  and  general  custom.  Therefore  cements  and  limes,  made  into  plasters  for 
rendering,  have  probably  been  the  most  available  sources  of  supplying  the  need  for 
their  necessary  protection  and  treatment. 

Concrete  exterior  finish  for  large,  massive  work,  such  as  bridges,  abutments, 
factories  and  general  building  exteriors,  has  been  subject  to  treatments  which  may  be 
termed  mechanical.  They  are  executed  either  with  a  meciianical  or  hand  device  by 
skilled  or  unskilled  labour,  and  are  known  as  picked  surfaces,  scraped  surfaces, 
rubbed  surfaces,  bush-hammered  surfaces,  tooled  surfaces,  sand-blasted  surfaces,  etc. 
All  of  these  mechanical  treatments  have  been  woiked  towards  a  betterment  of  surface 
appearance;  but  they  do  not  tend  to  give  any  protection,  and,  being  for  effect  only, 
they  have  no  weather-resisting  properties. 

The  proposed  specification  for  scrubbed  concrete  surface,  issued  by  the  National 
Association  of  Cement  Users,  is  to  scrub  the  original  surface  immediately  on  removal 
of  forms  until  the  surface  film  is  removed  and  the  aggregate  exposed  to  a  uniform 
degree.  It  also  includes  the  tilling  of  void  spaces  and  the  removing  of  hard  spot^, 
with  a  I  to  lo  solution  of  muriatic  acid  and  water.  This  method  should  give  a 
betterment  towards  the  surface  conditions  for  the  protection  and  finishing  of  the 
surface.  This  method  can  only  be  done  while  the  concrete  is  in  a  fragile  state,  which 
may  mean  the  clay  after  placing  or  later,  depending  upon  the  weather  and  setting  of 
the  cement.  However,  the  increased  cost  for  the  removal  of  the  forming,  and  the 
danger  pertaining  thereto  on  various  classes  of  construction,  might  tend  to  increase 
the  danger  of  disturbing  the  aggregate  and  reinforcement  during  the  hardening 
process,  although  there  are  quite  a  number  of  surfaces  that  can  be  treated  in  such  a 
manner. 

There  is  another  method — namely,  chemical^closely  resembling  that  of  the 
scrubbed  surfaces,  which  removes  the  original  surface  by  the  use  of  a  solution  of 
commercial  muriatic  acid  while  the  surface  is  still  green,  after  the  forms  have  been 
removed.  This  method  of  treatment  has  been  patented  in  the  United  States.  Its 
method  is  to  expose  a  selected  aggregate,  which  is  placed  towards  the  face  of  the 
forming,  specialh'  selected  for  its  lustre  and  general  appearance.  For  small  members 
cast  in  units  this  method  is  making  some  considerable  headway;  but  in  monolithic 
construction  the  difficulty  of  obtaining  uniformity  of  the  aggregate  giving  texture, 
and  the  cost  of  removing  the  outer  surface,  with  the  objectionable  feature  that  the 
muriatic  acid  may  stain  or  discolour  the  aggregate,  and  the  excess  in  cost,  do  not 
warrant  this  method  of  treatment.  From  experience  of  the  mechanical,  chemical  and 
rendering  methods,  they  seem  to  be  actually  condemned  where  there  is  the  slightest 
presence  of  moisture. 

The  paint  chemist  has  put  forth  a  considerable  amount  of  energy  towards  the 
production  of  materials  for  the  protection  and  finishing  of  concrete  surfaces.  He  has 
confined  his  investigation  generally  along  two  lines  : — 

First,  to  obtain  a  material,  coating  or  size  that  would  neutralise  the  free  lime  upon 
the  surface;  second,  a  superficial  filling  of  the  pores  upon  the  surface  to  stop  suction. 
Much  experience  has  been  derived  from  the  first  line  of  investigation,  and  the  principal 
exponent  of  this  method  has  been  Mr.  McNichol,  of  Washington,  D.C.,  who  used  a 
solution  of  8  lb.  of  zinc  sulphate  to  i  gallon  of  water,  for  the  neutralisation  of  the 
free  lime  upon  the  surface.  Other  methods  have  been  weak  solutions  of  hydrochloric 
acid,  applied  to  the  surface,  to  neutralise  the  free  lime.  The  second  method  of  filling 
the  superficial  voidage  has  been  to  use  substances  soluble  in  water  or  naphtha  ap{)l:ed 
to  the  surface,  such  as  soap,  fluxes  of  wax  or  grease,  soap  and  alum. 

The  first  and  second  lines  of  investigation  developed  what  may  be  readily  termed 
shallow  superficial  treatment  for  concrete  surfaces.  It  was  one  that  was  much  in 
request  by  architects,  engineers,  survej'ors,  and  builders  during  the  earlier  stages  of 
concrete.     Its  apparent  advantages   were  that  it  filled  the  superficial  voidage  at  the 
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surface,  and  gave  the  surface  a  protection  against  moisture  and  discoloration.  The 
failure  of  the  superficial  method  which  consists  of  the  introduction  of  a  solid  substance 
in  an  aqueous  or  volatile  medium  is  that  the  volume  of  the  solid,  as  introduced  into 
the  voidage,  as  compared  with  that  of  the  medium,  is  so  small  that,  after  evaporation 
takes  place,  so  small  a  quantity  of  solid  is  left  that,  although  itself  insoluble  in  water, 
it  is  easily  washed  out  with  heavy  rain  or  seepage.  Many  patented  processes  of 
parafiiin  wax  in  solution  for  the  treatment  of  concrete,  brick  and  stone  surfaces,  and 
applied  by  heat,  are  carried  on  by  waterproofing  and  stone-restoring  contractors. 

The  protection  and  finishing  of  concrete  and  cement  surfaces  now  resolves  itself 
into  the  consideration  of  two  factors  : — 

First,  the  necessity  of  maintenance  against  disintegration  ;  second,  their  finishing 
and  decoration.  Before  passing  from  external  weathering  surfaces  let  us  consider  a 
concrete  wearing  surface. 

Floors.  —  Concrete  floors,  when  laid  and  finished  under  the  strictest  specifications 
for  density,  texture  and  uniformity,  are  sometimes  subject  to  external  injury,  tem- 
perature changes  and  varying  conditions,  owing  to  the  time,  place,  and  method  of 
completion.  The  outer  character  of  integral  and  bonded  wearing  surfaces  and  their 
surface  elements  are  much  the  same  as  those  described  for  external  surfaces.  After 
mixing  and  trowelling,  very  little  free  waler  should  appear  upon  the  surface,  even 
after  thoroughly  spreading,  as  an  excess  of  water  in  the  mixing  is  likely  to  crack  the 
finish,  due  to  shrinkage. 

A  mistake  that  is  sometimes  made  on  concrete  floors  is  that  they  are  sprinkled 
when  hot,  during  their  setting  period,  and  often  they  are  sprinkled  while  the  mortar  is 
too  soft  to  resist  the  washing  action  of  the  water.  The  dusting  of  top  material  is  quite 
a  detrimental  factor  to  the  wearing  surface  and  produces  a  surface  element  which 
indents,  spalls  and  scales,  and  gives  other  bad"  defects  to  the  floor,  although  slight 
freezing  would  give  exactly  the  same  effects,  causing  disintegration.  Smoke  gases 
from  open  braziers  which  are  often  placed  in  the  building  to  increase  the  temperature 
have  a  tendency  to  retard  the  setting,  on  account  of  their  carbon  dioxide  exerting  a 
harmful  effect  on  hydraulic  cements  setting  at  a  temperature  of  about  42°.  This  action 
may  be  only  a  superficial  one,  but  will  cause  a  dusting  up  of  the  floor. 

The  maintenance  and  protection  of  a  concrete  floor  is  an  important  factor  to 
their  service.  The  determination  of  the  cement  and  the  sand  in  concrete  floors  to  lose 
their  elements  of  adhesion  as  a  wearing  surface  is  a  well  known  fact.  The  frail 
constituents  of  the  binding  substance  are  removed  by  the  softening  action  of  water, 
oil,  grease,  acids,  etc.  The  harder  constituents  of  the  grain  bond  are  loosened  by 
their  loss  of  adhesion  and  worn  down  by  friction. 

Waterproofing  against  a  hydrostatic  pressure  is  an  engineering  problem  of  much 
moment,  and  generally  governed  by  its  individual  character.  Therefore  it  seems 
unnecessary  to  treat  this  subject  here  at  any  length,  because  of  its  purely  engineering 
character. 

The  subject  of  finishing  and  protection  may  be  divided  into  three  distinct  methods 
— integral,  superficial,  and  physical.  The  integral  method  of  finishing  concrete  is  one 
that  may  carry  with  it  a  colouring  material,  combined  with  the  waterproofing  material 
for  producing  a  surface  texture  and  finish,  applied  either  by  a  rendering  or  integral 
with  the  construction  at  the  time  of  casting  or  concreting. 

The  superficial  method  of  finishing  a  concrete  surface  may  be  that  of  scrubbing 
the  surface  with  water  or  acid,  and  then  filling  the  superficial  voidage  with  a  cement 
wash.  This  wa^h  is  sometimes  coloured  to  gain  uniformity,  or  used  in  the  natural 
colour  of  cement.  The  objectionable  features  to  this  method  of  finishing  an  externa! 
concrete  surface  are  :  that  the  amount  of  water  used,  in  comparison  with  the  solid 
cement,  is  so  large  that  the  surface  is  never  a  homogeneous  compact  mass  of  solid 
material.  The  amount  of  voidagt  under  this  surface  caused  by  the  entering  of  the 
water  and  the  difference  in  expansion  and  contraction  of  this  wash  or  grout  to  the 
inner  surfaces  causes  the  cracking,  scaling  and  spalling  of  this  light  crust.  This  is 
the  surface  that  has  caused  many  concrete  decorative  failures,  because  of  its  lack  of 
binding  properties. 

The  Physical  Method.—  Th'is  is  a  coating  of  materials  specially  adapted  for  pre- 
venting contact  between  the  atmospheric  elements  and  the  construction.  This  method 
should  carry  with  it  two  features  in  one  operation.  They  should  be  damp-proofing  and 
decorative. 
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In  conclusion,  a  line  of  imcstij^ation  to  follow  for  the  testing  of  materials  for 
their  ap])lirability  for  the  protcclion  and  ilnisliinL^  of  concrfto  surfaces  may  be  outlined 
as  follows  :  — 

It  would  seem  necessary  in  the  light  of  inve,-,tigation  that  the  use  of  acids  or  acid 
re-agents,  used  as  primers  or  vehicles  for  concrete  weathering  or  wearing  surfaces, 
would  not  be  advisable  for  the  reason  that  they  would  leave  a  very  unstaple  bond  to 
apply  any  succeeding  treatment. 

The  protective  jjropcrties  and  decorative  effect  of  a  treatment  and  its  resistance  to 
moisture  and  decomposition  by  free  lime,  water,  acids,  oils,  and  gases  seems  to  be  the 
necessary  qurdifications  for  an  article  manufactured  for  this  purpose — that  is,  the 
protection  and  finishing  of  concrete  surfaces. 

DISCUSSION. 

Mr.  J.  G.  Mcintosh  said  the  author  had  condemned  tlie  acid  treatment  as  a  whole,  but 
there  were  acids  and  acids,  and  he  would  draw  attention  to  linoleic  acid,  which  would  combine 
with  free  lime  to  form  an  insoluble  lime  soap,  and  he  wished  to  know  whether  a  dilute  solu- 
tion of  that  acid,  either  in  white  spirit,  or,  better  still,  in  methylated  spirit,  applied  to  concrete 
would  be  of  any  effect.  It  was  hardly  possible  to  apply  any  paint  to  a  very  wet  surface,  but 
Mr.  Toch  assured  him  it  was  possible  to  apply  a  certain  paint,  the  formula  of  which  he  did 
not  divulge,  to  green  concrete.  Then  he  should  like  to  know  whether  the  present  grey  colour 
of  concrete  was  necessary.  As  far  as  he  understood,  the  clay  ingredient  was  too  frequent! \ 
Thames  mud,  whose  colour  could  not  very  well  be  altered,  and  the  lime  was  made  from 
chalk,  which  when  burnt  was  a  pease-pudding  yellow,  slightly  whiter  when  it  was  slacked. 
There  were  occasions  where  cost  was  no  object,  when  a  white,  higher-class  concrete  might  be 
advantageous,  when  china  clay  might  be  used  as  one  of  the  ingredients  and  a  high-class  white 
lime  might  be  another  ingredient  of  the  Portland  cement  for  making  such  a  concrete,  the  sand 
used  being  silver  sand.  Mr.  Mcintosh  also  asked  what  coating  Mr.  Cathcart  would  recom- 
mend to  protect  the  floor  of  a  sugar  house,  seeing  that  lime  is  soluble  in  sugar  liquors.  Would 
a  solution  of  sugar  do  to  dissolve  the  lime  efflorescence  on  the  concrete  instead  of  hydrochloric 
acid?  For  one  thing,  it  would  not  form  a  deliquescent  compound  with  the  lime,  like  hydro- 
chloric and  acetic  acids.  He  would  also  like  to  know  whether  it  was  the  paint  used  on  the 
concrete  buildings  of  the  town  of  Baltimore  that  caused  the  conflagration  that  occurred  there 
some  two  years  ago  to  spread  with  such  phenomenal  rapidity,  and  if  it  was  the  paint  that 
caused  this,  whether  it  was  the  indoor  or  the  outdoor  paintwork,  or  both  ? 

Dr.  B'.ack'.er  said  that  undoubtedly  the  mechanical  treatment  necessary  for  the  production 
of  good,  sound  concrete  was  not  always  duly  considered.  The  various  ingredients  required 
careful  selection,  and  as  the  process  was  one  that  was  carried  out  in  England  by  unskilled 
labour  unless  proper  supervision  was  exercised,  so  that  the  constituents  of  the  concrete  were 
thoroughly  incorporated,  failures  were  very  liable  to  occur.  Facing  the  concrete  surface  with 
cements,  Mr.  Cathcart  said,  had  proved  unsatisfactory  because  of  the  "  alligatoring  "  that  took 
place,  but  paint  chemists  were  much  more  interested  in  the  processes  of  applying  paint  to  the 
surface  of  the  concrete.  For  concrete  flooring  the  use  of  sodium  silicate  had  been  suggested, 
and  it  was  stated  that  it  hardened  the  surface,  and  to  a  great  extent  acted  as  a  waterproofing 
material.  The  protection  and  decoration  of  concrete  might  be  divided  into  two  parts.  The 
free  lime  formed  in  the  concrete  during  the  process  of  setting  acted  upon  the  linseed  oil  in 
a  paint  and  the  oil  film  was  destroyed  ;  so,  firstly,  it  was  necessary  to  eliminate  this  action  by 
the  use  of  special  washes  or  undercoats;  and,  this  done,  the  generally  adopted  methods  of 
decoration  and  protection  applied.  If  green  concrete  were  allowed  tinie  to  mature,  carbon 
dioxide  was  absorbed,  and  in  twelve  or  sixteen  months  the  surface  might  be  coated  with  a 
linseed  oil  paint  with  good  results;  but  if  it  was  desired,  as  is  mostly  the  ca,se,  to  paint  a 
concrete  structure  soon  after  it  was  erected,  it  was  necessary  to  destroy  the  lime,  which  could 
be  done  in  several  ways.  In  the  first  place  it  could  be  effected  bv  the  production  of  an 
insoluble  lime  compound  without  the  production  of  another  insoluble  material.  For  that  pur- 
pose oxalate  of  soda  had  been  used,  a  material  that  gave  an  insoluble  calcium  oxalate  and  a 
soluble  soda  salt.  It  was  stated  that  that  method  gave  satisfactory  results,  but  he  presumed 
that  very  soon  the  soda  would  act  upon  the  paint  film.  Acid  phosphate  of  lime  was  a  material 
which  when  applied  combined  with  the  lime  of  the  surface,  giving  an  insoluble  compound.  Resin, 
mixed  with  stearic  acid,  combined  with  the  lime,  and  the  stearic  acid  acted  as  a  waterproofing 
material,  but  had  not  given  satisfactory  results.  Soap  emulsions  had  been  also  used,  but  when 
concrete  surfaces  were  treated  in  that  way  and  jvfterwards  painted  the  linseed  oil  film  disinte- 
grated in  about  five  or  six  months.  He  thought  caseine  paints  might  be  used  with  great  effect 
on  concrete  structures.  Suitable  caseine  solutions  applied  to  a  concrete  surface,  and  when  dry 
treated  with   formaldehyde,   gave  a  coating  which  was  absolutely   impermeable  to  water,   and 
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formed  a  surface  on  which  paint  could  be  laid.  Another  method  was  the  production  of 
innocuous  lime  compounds  with  the  simultaneous  formation  of  other  insoluble  bodies.  The 
McNico!  process,  whereby  solutions  of  zinc  sulphate  were  employed,  was  one  that  had  been 
widely  used  in  the  United  .States  and  gave  very  good  results,  superimposed  paint  films  having 
lasted  for  two  years  without  anything  detrimental  happening.  Solutions  of  alumina  sulphate 
and  magnesium  sulphate  had  also  been  applied  with  equally  good  results.  With  regard  to 
coating  containing  pigments,  mixed  pigments  containing  free  silica  had  been  applied  over 
concrete  coatings  and  had  not  proved  so  satisfactory.  Zinc  sulphates  had  been  formed  into  an 
emulsion,  also  with  unsatisfactory  results.  He  thought  that  the  copals  when  made  up  with  a 
small  quantity  of  oil  and  diluted  with  turpentine  would  form  a  good  waterproofing  coat,  and 
one  extremely  suitable  for  the  treatment  of  concrete. 

Mr.  Noel  Heatoa  said  he  thought  that  the  point  they  were  more  particularly  interested  in 
was  how  to  render  concrete  suitable  to  take  decoration,  and  that  was  quite  a  different  problem 
from  the  one  Mr.  Cathcart  had  dealt  with,  the  protection  of  concrete  itself.  It  seemed  to  him 
that  the  protection  of  concrete  from  disintegration  must  be  something  more  or  less  of  a  make- 
shift, shirking  the  difficulty.  The  real  way  to  get  over  the  difficulty  was  to  study  the  problem 
of  improving  the  manufacture  of  the  concrete  itself,  because  any  treatment  such  as  impregna- 
tion with  organic  materials,  etc.,  would  be  really  less  durable  thaH  a  properly  made  concrete. 
He  himself  had  always  looked  upon  a  good  concrete  as  a  material  of  great  durability,  certainly 
more  durable  than  many  building  stones.  Linseed  oil  and  linoleic  acid  were  not  permanent 
materials.  He  had  often  been  called  in  by  architects  to  advise  them  how  to  deal  with  the 
decay  of  stonework  in  old  churches,  and  had  frankly  said  that  whatever  was  done  was  more 
or  less  of  a  palliative,  that  the  proper  method  was  to  select  the  stone  with  care  so  that  it  would 
not  decay.     It  was  the  same  with  concrete. 

Mr.  Matt.  Qarbutt  said  up  to  the  present  the  architectural  finish  of  concrete  had  been  neglected 
The  new  Post  Office  buildings  in  King  Edward  Street  were  fronted  by  another  material.  Some 
few  months  ago  Professor  Beresford  Pite,  at  the  Concrete  Institute,  seemed  inclined  to  endorse 
the  method  of  the  old  Romans  who  veneered  the  structure  with  marble  mosaic  or  slabs  of 
marble,  in  fact  to  beg  the  question  and  not  really  finish  the  concrete  itself  at  all.  In  mass 
concrete  as  opposed  to  ferro-concrete  it  was  qtiite  possible  to  get  a  finish  that  would  be  satis- 
factory to  the  eye.  He  thought  Mr.  Catlicart,  when  he  referred  to  muriatic  acid  treatment, 
really  meant  surface  pickling,  to  expose  the  aggregate  and  thus  obtain  a  roughened  texture. 
which  was  rather  pleasant. 

Mr.  Cathcart,  in  reply,  said  if  it  was  admitted  that  reinforced  concrete  had  porosity,  il 
must  be  remembered  that  building  stone  with  porosity  had  tensile  strength,  so  had  reinforced 
concrete  tensile  strength  on  account  of  its  porosity.  With  regard  to  the  fire  in  Baltimore,  it 
would  not  have  been  so  disastrous  as  it  was  if  the  buildings  had  not  been  faced  with  natural 
building  stone,  terra-cofta,  and  artificial  building  materials  that  calcined  under  the  fire.  W'ith 
regard  to  the  manufacture  of  cement,  he  believed  the  Engineers'  and  Architects'  Societies  had 
issued  a  standard  specification  for  cement  which  was  worked  to  by  all  Portland  cement  manu- 
facturers very  closely,  therefore  the  cements  used  in  Great  Britain  were  mostly  pure  and 
unadulterated.  But  cement  was  not  the  only  factor  ;  there  was  the  sand  and  the  aggregate. 
Sand  had  a  certain  amount  of  influence  on.the  surface,  and  the  variance  of  sands  in  colour  and 
shape  had,  of  course,  great  influence  on  the  porosity  of  a  cement  surface.  Cinders  were  inert 
when  they  were  properly  washed  and  cleansed,  but  they  were  generally  used  for  floor  con- 
struction or  as  an  insulating  base  for  roofs.  When  speaking  of  acid  treatments  for  exterior 
surfaces,  he  meant  that  the  acid  was  used  to  remove  the  small  film  of  mortar  on  the  face  so  as 
to  give  a  surface  texture.  The  aggregate  might  be  composed  of  white  silica  sand  and  small 
broken  granite,  and  sometimes  felspar  and  carborundum,  with  occasionally  broken  brick  or 
tiles  or  marble  or  gravel.  In  connection  with  the  aggregates,  much  could  be  planned  ahead  for 
the  treatment  of  the  surface.  The  principal  objection  to  exterior  concrete  surfaces  was  not 
that  concrete  was  not  a  good  surface  material,  but  that  the  art  of  making  the  forms  had  not 
progressed  far  enough.  In  the  United  States  there  were  many  systems  of  forming,  some  of 
which  gave  a  surface  texture  of  value,  and  as  the  methods  of  forming  progressed  the  surface 
texture  would  undoubtedly  improve.  The  work  needed  skilled  labour,  and  when  that  was 
recognised  there  would  not  be  so  many-  failures  with  regard  to  damp  walls. 

With  regard  to  the  paint  for  concrete,  any  specification  he  might  give  for  a  paint  for  a 
concrete  surface  might  not  apply  to  all  concrete  surfaces.  A  complete  specification  for  a 
paint  for  a  concrete  or  cement  surface  required  a  thorough  investigation  of  the  surface  itself. 
The  problem  of  a  specification  for  paint  naturally  had  to  include  the  time  at  which  the  paint 
had  to  be  applied  to  the  surface  and  the  condition  of  the  surface.  Generally  speaking,  a  paint 
applied  to  concrete  would  cover  probably  about  one-third  less  than  lead  paint  on  wood.  The 
second  coating  would  cover  a  slightly  greater  surface. 
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Under  this  heading  reliable  information  -will  be  presentea  of  neiD  ■works  m  course  of 
construction  or  completed,  and  the  examples  selected  tvill  be  from  all  parts  of  the  ivorld. 
It  is  not  the  intention  to  describe  these  ivorks  tn  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  'which  served  as  a  basis 
for  the  design. — ED. 


REINFORCED  CONCRETE    FACTORY    AT   CAMBRIDGE,   MASS. 

Recently  at  Cambrid^'e,  Mass.,  U.S.A.,  there  has  been  completed  a  triangular 
shaped  reinforced  concrete  factory  owned  by  the  Cambridge  Factory  Trust.  It  will  be 
noted  from  the  accompanying  illustration  that  the  exterior  of  the  building  has  a  very 
dignified  and  refined  appearance,  while  the  interior  is  arranged  for  maximum  efficiency. 
The  design  was  made  m  accordance  with  plans  and  specifications  of  Monks  and  John- 
son, architects  and  engineers,  of  Boston,  and  the  type  of  construction  was  adopted  on 
account  of  its  fitness  for  close  quarters  and  other  reasons. 

The  column  and  flat  slab  system  of  construction  was  adopted,  for  it  w^as  found 
as  cheap  as  the  beam  and  girder  type,  besides  offering  the  additional  advantages  of 
simpler  forms,  lower  cost  of  automatic  spn-inkler  installation,  and  better  overhead 
shafting  facilities.  The  forms  for  a  beam  and  girder  system  would  have  been  very 
complicated  owing  to  the  triangular  shape  of  the  building. 

The  factory  is  three  stories  high  with  basement,  with  all  floors  and  the  frame  of 
reinforced  concrete,  while  the  exterior  between  the  pilasters  is  veneered  with  4-inch 
red  sand-struck  brick.  The  longer  side  of  the  building  is  about  151  ft.,  while  the 
shorter  sides  are  87  ft.  and  132  ft. 

The  general  impression  that  reinforced  concrete  structures  have  a  displeasing  effect 


View  of  Completed  Building. 
Reinforckd  Concrete  Factory  at  Cambridge,  Mass. 
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is  being  diminished  by  sucli  structures  as  this  Cambridge  cigar  factory.  The  lines  of 
the  building  are  exceptionally  well  kept,  the  height  seeming  more  than  it  really  is, 
due  to  the  continuation  of  the  pilaster  lines  to  the  top.  This  is  effected  bv  means  of 
corbels  and  small  marble  panels  at  the  top.  The  entire  width  between  the  pilasters  is 
taken  up  by  the  large  window  area  beneath,  which  is  4-inch  brick  veneering  witli 
concrete  panels  in  the  centre  and  below  each  of  the  four  respective  windows. 

The  entire  cornice  is  of  concrete,  while  a  concrete  coping  rests  on  the  8-inch  thick 
brick  wall  running  around  the  top  of  the  building.  The  artistic  effect  is  excellent,  and 
the  building  is  a  very  creditable  addition  to  the  community. 

The  interior  arrangement  of  the  building  has  been  planned  for  maximum  efficiency. 
All  the  floors  are  of  7-inch  concrete,  the  first  floor  having  a  terrazzo  finish.  There 
are  three  rows  of  columns  on  each  floor  running  parallel  to  the  long  side  of  the  building 
with  i8-ft.  bays  each  way.  The  window  area  is  about  75  per  cent,  of  the  wall  area, 
this  being  secured  with  windows  7  ft.  6  in.  high  running  up  to  the  floor  slab. 

The  columns,  rectangular  in  cross  section,  vary  from  20  in.  to  30  in.  in  the  basement 
and  first  floor  to  16  in.  by  30  in.  on  the  second  and  third  floors.  The  basement  columns 
are  reinforced  by  12  i-in.  diameter  rods  with  j-in.  hoops  placed  12  in.  on  centres. 
The  reinforcement  of  the  first,  second,  and  third  floor  columns  consists  of  f-in.  rods, 
eight  being  in  the  first-floor  columns  and  this  number  decreasing  by  two  for  each 
successive  floor.  Hoops  ^  in.  in  diameter  are  also  used,  spaced  similarly  to  the  base- 
ment columns. 

The  reinforcement  of  the  floor  slab  consists  of  a  layer  of  rectangular  rods  at  the 
top  and  a  layer  of  diagonal  rods  at  the  bottom,  the  latter  having  a  slight  lap.  The 
rectangular  rods  lap  over  column  heads  with  laps  ranging  from  5  ft.  4  in.  to  8  ft.  4  in. 
This  method  is  slightly  different  from  the  ordinary,  and  avoids  four  layers,  common  in 
most  flat  slab  systems.  The  floor  load  was  calculated  at  125  lb.  per  square  ft.,  and 
the  mixture  of  concrete  used  at  the  column  heads  was  quite  rich,  being  i  :  i|  :  2.  It 
is  stated  that  a  saving  in  steel  w'as  made  by  this  method. 

The  entire  building  was  erected  by  the  Concrete  Engineering  Company,  of  Boston, 
In  accordance  with  plans  and  specifications  of  Monks  and  Johnson,  the  architects 
ana  engineers.  The  concrete  was  mixed  on  the  ground  in  a  i-yd.  Ransome  mixer  that 
discharged  directly  into  Ransome  dump  buckets,  which  were  hoisted  to  the  top  of  the 
wooden  tower,  where  the  concrete  was  chuted  directly  to  the  forms. 

A   FIVE-MILLION-GALLON   CONCRETE   RESERVOIR. 

The  illustration  forming  the  frontispiece  to  this  issue  shows  the  construction  of  a 
remarkable  reinforced  concrete  reservoir  built  to  ensure  an  auxiliary  or  emergency 
supply  for  the  water  system  at  Ashville,  N.C.,  U.S.A.  It  has  a  capacity  for  5,000,000 
gallons  of  water,  and  measures  150  ft.  in  diameter  at  the  bottom  and  is  40  ft.  deep. 
The  wall  is  3I  ft.  thick  at  the  bottom  and  tapers  to  a  thickness  of  8  in.  at  the  top. 
The  reservoir  holds  a  quantity  of  water  sufficient  to  last  the  city  three  or  four  days. 

As  first  constructed  the  reservoir  was  not  satisfactory,  but  was  reconstructed  and 
given  a  thorough  test,  the  new  work  being  done  by  Geo.  H.  Davidson,  of  Ashville,  who 
laid  an  entire  new  floor  8  in.  thick,  using  900  barrels  of  Portland  cement,  twenty  tons 
of  i-in.  reinforcing  steel,  500  yds.  of  i-in.  broken  stone  and  three  tons  of  Trus.  Con. 
waterproofing  composition.     The  total  cost  of  the  reservoir  was  about  ;^9,4oo. 

REINFORCED   CONCRETE   WATER   TOWER   AND   CHIMNEY   IN    SHANGHAI. 

The  water  tower  and  chimney  stack  shown  in  the  accompanying  illustration  were 
erected  some  time  ago  at  .Shanghai  by  the  firm  of  Jardine,  Matheson  and  Co.,  Ltd., 
for  .the  Kiangsu  Acid,  Chemical  and  .Soap  Works. 

The  water  reservoir  has  a  capacity  of  340  cubic  metres  (445  cu.  vds.).  .Although  the 
smoke  in  the  chimney  would  not  reach  a  very  high  teinperature,  in  order  to  avoid  any 
possible  cracks  in  the  bottom  of  the  reservoir  it  was  resolved  to  carry  off  the  smoke- 
gases  by  means  of  a  pipe  which  is  absolutely  separated  from  the  reservoir.  Also,  to 
avoid  cracks  resulting  from  the  difference  of  temperature  between  the  chimney  and  the 
four  columns  supporting  the  tank,  they  were  built  independent  of  each  other  up  to  the 
top  of  the  tank. 

The  chimney  consists  of  two  tubes  leaving  an  air  space  between  them  of  3   in., 
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which  is  connected  at  the  lower  part  of  the  chimney 
four  6-in.  inlets,  so  jjroducinj,'  a  drauf^ht  ui  fresh  air 


with  the  outside  air  by  means  of 
to  reduce  the  temperature  of  the 
two   tubes   as    far 
as  possible. 

The  inner 
tube  was  built 
w  i  t  h  wooden 
moulds,  whereas 
the  exterior  cen- 
tcrin<4  of  the  outer 
tube  consi?»ted  of 
riveted  sheet  iron, 
and  the  inner  cen- 
tering^ of  the  outer 
tube  consisted  of 
i-in.  concrete 
slabs,  moulded 
three  weeks  be- 
fore they  were 
used. 

The  reinforce- 
ment consisted  of 
Indented  bars  and 
round  wrought- 
iron. 

The  cost  of 
the  combination  of 
the  chimney  and 
water  tank  proved 
to  be  lower  than 
two  separate 
structures,  besides 
reducing  the  build- 
ing space  to  a 
minimum. 

Since  this 
structure  w  a  s 
erected  most  of  the 
buildings  s  u  r  - 
rounding  Shang- 
hai were  destroyed 
entirely  by  a  large 
fire.  One  of  them 
containing  a  large 
stock  of  sulphur 
prevented  the  fire- 
men from  taking 
prompt  action. 

After  the  fire  the 
water  tank  xvas 
tested  and  was 
found  absolutely 
intact.  We  are 
indebted  to  Mr.  C. 
Luthv,  engineer, 
cif  Shanghai,  for 
our  particulars 
and   pl-iotograph. 
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TWO    REINFORCED   CONCRETE    BRIDGES    IN    THE    PUBLIC    GARDENS. 
HALIFAX.   NOVA   SCOTIA. 

TiiK  ri'infurccd  concrL-te  bridges  shown  in  the  accompanyinii  illustrations — from  which 
their  artistic  appearance  is  plainly  seen — were  erected  for  ornamental  purposes  in  the 
public  gardens  of  Halifax,  Nova  Scotia. 

That  shown  in  the  top  illustration  is  a  semi-circular  arch  having  a  span  of  6  ft. 
The  width  of  the  bridge  is  lo  ft.  6  in.  and  the  length  14  ft.     The  reinforcement  consists 


Views  of  the  Two  Bridges. 
Two  Reinforced  Concrete   Bridges  in  the  Public  Gardens,  Halifax,  Nova  Scotia. 


of  ^-in.  round  bars  placed  at  6-in.  centres.  All  balustrades  were  cast  in  cement  moulds. 
The  foundations  are  carried  down  5  ft.  6  in.  owing  to  the  severe  frost  in  the  winter. 

The  lower  bridge  is  an  elliptical  arch,  w  ith  a  span  of  13  ft.  The  width  is  10  ft.  6  in. 
and  the  length  15  ft.  The  arch  is  yh  in.  thick  at  the  crown.  The  reinforcement 
consists  of  f-in.  round  bars  at  6-in.  centres.  The  foundations  are  2  ft.  deep  on  solid 
rock.     Both  bridges  are  finished  with  plain  white  cement,   rubbed  smooth. 

These  bridges  were  designed  by  Mr.  William  E.  Chesney,  of  Halifax,  for  the  Parks 
Commission. 
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A  short  summary  of  some  of  the  leadinq  books  -which  hji've  appeared  during  the  last  few  months. 


"Reinforced   Concrete   Design."      By  Oscar 
Faber,  li.Sc..  A.M.I.C.i:.,  A.M.I  .ICE..  .\.C.G.I.. 
and  P.  G.  Bowie,  A.C.G.I. 
London  :     Edwin    Arnold,    41-4S    Maddox    Street,   W. 

Price  12/6  net.  8vo.  Pp.  332  +  xx. 
Contents. — Preface— Numbers  of  Principal 
Fii^ures — List  of  Symbols — General 
Principles — Materials.  Part  I.  :  Cal- 
culation of  Stresses  under  Known 
Forces  and  Moments — Simple  Bend- 
ing and  Simple  Compression— Bend- 
ing Combined  with  Direct  Forces — 
.Adhesion  and  Shear.  Part  11.  :  The 
Design  of  Columns — Strength  of 
Columns — The  Determination  of  the 
Direct  Loads  on  Columns — The  De- 
termination of  the  Eccentric  Stresses 
in  Columns.  Part  II L  :  The  Design 
of  Beams  and  Slabs — Beams — Slabs. 
Part  IV.  :  .Applications  and  General 
Notes — Reservoirs — Retaining  ^A'alls 
—  Specifications  —  Quantities  and 
Notes  on  Practical  Applications — The 
.Specialist  Engineer  and  the  Con- 
tractor. .Appendix  I.  :  Being  Mathe- 
matical .Analyses  of  Beams  under 
A'arious  Conditions  of  Loading  and 
Fixing.  .Appendix  II.:  .Second  Re- 
port of  the  R.I.B..A.  on  Reinforced 
Concrete   (191 1). 

There  are  none  too  many  treatises  on  the 
subject  of  reinforced  concrete  by  English 
authors,  though  we  must  consider  at  the 
same  time  that  .American  authors  can 
and  do  to  a  great  extent  help  to  supply 
the  British  market.  Naturally,  however, 
we  welcome  books  that  can  compete  with 
.American  works  and  with  Continental 
books  translated  into  English.  We  are 
pleased  to  record  that  the  work  here  under 
review  is  a  worthy  rival.  Its  primary 
appeal  is  to  the  designer,  and  it  discusses 
many  problems  that  exercise  the  struc- 
tural engineer  who  undertakes  the  design 
of  reinforced  concrete,  which  is  so  very 
different  from  the  comparatively  simple 
design  of  ordinary  steelwork.  The  book 
will  aiaturally  be  strong  meat  for  ele- 
mentary  students. 

The  features  of  the  book  which  deserve 
most  praise  are  the  original  ones,  and 
these  are  especially  the  simple  and  fairly 
accurate,  though  approximate,  means  of 
calculating  the  stresses  in  members  under 
combined   bending   and    direct   stress,    the 
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detailed  discussion  of  continuous  beams, 
and  the  effect  of  unequal  depression  of 
supports,  and  also  eccentric  loading  and 
tlexure  of  columns  due  to  beams  built 
monolithic  with  them.  The  latter  is  the 
subject  of  a  long  appendix,  and  much 
space  is  given  to  it  in  the  body  of  the 
book.  It  is  certainly  important,  and  as  it 
is  usuallv  ignored  or  treated  as  indeter- 
minate the  authors  have  done  well  to  deal 
with  it  thus  fully.  This  and  other 
elaborations  in  the  treatment  of  reinforced 
concrete  design  are  instructive  as  a 
general  guide,  but  at  the  same  time  it 
would  take  far  too  much  time,  as  well  as 
being,  after  all,  only  an  approximation,  to 
warrant  such  detailed  investigation  in 
practice  as  a  general  rule — it  is  commonly 
met  by  what  is  called  "  judgment  "  and 
"  standard  practice  "  on  the  part  of  the 
designer. 

Space  precludes  us  from  dealing  with  all 
the  many  interesting  features  of  the  book. 
Generally  we  think  the  authors  have  dis- 
played excellent  judgment  and  good 
commonsense,  which  have  doubtless  been 
assisted  bv  their  practical  experience  in 
design.  In  the  present  state  of  experi- 
ence and  experiment  it  is  only  to  be  ex- 
pected that  there  should  be  much  to  be 
argued  about  and  to  dispute,  and  this 
book  presents  plenty  of  opportunity.  Our 
only  serious  adverse  criticisms  are,  how- 
ever, that  the  treatment  of  shear  is  not  at 
all  adequate,  and,  indeed,  is  much  in 
error ;  that  often  positive  opinions  are 
expressed  without  due  explanation  of 
reasons  therefor ;  and  that  too  strong  a 
bias  for  or  against  particular  methods  of 
doing  business  in  the  reinforced  concrete 
industry  is  suggested. 

The  book  is  exceedingly  well  produced, 
with  many  carefully  drawn  illustrations, 
and  should  be  in  the  hands  of  all  ad- 
vanced students  of  the  subject. 

"  Elementary  Principles  of  Reinforced  Con- 
crete Construction."  By  Ewart  S. 
Andrews,  B.Si:. 

London  :  Scott,  Greenwood  &  Son.    Price  3/-  net. 

CoHfcnis.— Introductory  and  Historical 
Note^ — Notation — Properties  of  Con- 
crete and  Steel — Loads,  Working 
Stresses,  Bending  Moments,  and 
Other  Useful  Data — Reinforced  Con- 
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ci'Ltc  in  Direct  Compression — Rein- 
forced Concrete  Beams — Reinforced 
Concrete  Beams  Subjected  to  Bend- 
ing Combined  with  Axial  'llirust — 
Graphical  Treatment  of  Reinforced 
Concrete  Beams — Shear  Stresses  and 
Deflections  for  Reinforced  Concrete 
Beams — Reinforced  Concrete  Columns 
— Some  Leading  Systems  of  Rein- 
forcement. 

Mr.  Andrews  is  lecturer  in  theory  and 
design  of  structures  at  Goldsmith's  Col- 
lege, and  in  the  present  book  has  adopted 
an  elementary  standpoint  and  a  manner 
of  explanation  specially  calculated  to  ap- 
peal to  the  student,  and  to  those  who 
wish  for  some  knowledge  of  this  in- 
creasingly important  subject  without  the 
necessity  of  an  advanced  mathematical 
knowledge.  The  author  frankly  explains 
that  the  method  he  has  adopted  consists 
in  the  explanation  of  the  theoretical  treat- 
ment of  a  problem  according  to  certain 
assumptions,  and  in  illustrating  this  bv 
numerical  examples,  the  same  example 
being  sometimes  worked  out  by  several 
methods.  For  a  lecture  text-book  this 
method  is  admirable ;  for  the  more  diffi- 
cult work  of  the  private  student  it  would 
have  been  better  to  include  more  examples 
and  to  work  them  out  somewhat  more 
fully.  Considering  its  small  size,  how- 
ever, the  book  is  well  written,  and  should 
be  easy  to  follow,  especially  as  the  author 
has  marked  some  of  the  more  difficult 
portions  so  that  thev  mav  be  omitted  in 
a  first  reading. 

The  author  rightly  insists  that  before 
we  can  study  the  method  of  construction 
known  as  reinforced  concrete  we  must  be 
very  clear  as  to  what  is  meant  bv  tHis 
term.  Yet  he  defines  it  in  the  following 
somewhat  indefinite  terms  :  "  A  reinforced 
concrete  structure  is  one  in  which  con- 
crete and  a  reinforcing  material  (usually 
steel)  are  so  combined  as  to  act  together 
as  one  material,  the  two  materials  being 
so  placed  relatively  to  each  other  as  to 
produce  a  more  economical  material  than 
either  acting  alone." 


The  reader  used  to  the  term  will  at 
once  picture  to  himself  an  idea  which 
will  coincide  exactly  with  this  definition, 
but  the  one  who  comes  to  the  book  with 
no  knowledge  of  the  subject  will,  in  most 
cases,  fail  to  form  any  clear  conception  of 
the  meaning  of  the  term.  He  may,  of 
course,  glance  through  the  illustrations 
without  reading  any  further,  and  so  may 
gain  the  knowledge  he  desires ;  but  it 
would  surely  have  been  infinitely  better  to 
have  inserted  a  diagram  and  to  have  re- 
peated the  definition  in  terms  of  the  illus- 
tration. In  the  present  case  this  is  all 
the  more  desirable,  because  in  the  sen- 
tence immediately  following  his  definition 
the  author  describes  a  form  of  construc- 
.  tion  which  he  wishes  to  treat  as  an  ex- 
ception, therebv  adding  more  confusion  to 
the  mind  of  the   unsophrsticated   student. 

The  "  history  "  of  reinforced  concrete  is 
confined  to  three  small  pages,  of  which 
nearly  a  page  is  devoted  to  the  "  future  "  ; 
there  is  a  list  of  the  notation  used  occupy- 
ing five  pages,  and  we  are  pleased  to  see 
that  this  notation  is  that  recommended  by 
the  Concrete  Institute.  .\fter  this  the 
author  gets  to  work  in  earnest,  and  the 
rest  of  the  book  is  straightforward  "  busi- 
ness," the  information  and  explanations 
being  given  in  clear  and  comparatively 
simple  language,  though  the  author 
seldom,  if  ever,  descends  from  his 
academic  rostrum  to  "  sit  by  the  side  " 
of  his  pupil  and  to  explain  to  him  in  the 
manner  adopted  by  all  the  greatest 
teachers  with  those  students  who  are 
reallv  keen  to  learn.  The  result  is  a  com- 
pression of  style  which  is  disconcerting 
to  the  beginner  who  is  unable  to  attend 
lectures,  or  who  has  no  one  to  whom  he 
can  go  for  further  explanations  or  to  clear 
up  some  trivial  yet  for  the  moment  diffi- 
cult   point. 

In  spite  of  these  minor  drawbacks — 
which  may  be  remedied  in  a  future 
edition — this  little  book  is  one  which 
should  be  studied  carefully  by  those  who 
want  a  good  grounding  in  the  subject. 
To  such  we  can  recommend  it  heartily. 
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CORRESPONDENCE. 

Under  this  heading  lue  invite  correspondence. 


Tenders  for  Reinforced   Concrete  Worh. 

Dkak  Sir, — We  have  frequently  noticed  that  in  convjx-titive  sclier.ies  and  tenders  for 
works  in  reinforced  concrete  there  is  an  enormous  difference  between  the  amounts  of 
the  various  tenderinj^  contractors,  and  <:icnerally  the  work  is  given  to  the  kiwest 
tender.  As  it  appears  to  us  that  it  is  impossibk^  tliat  these  considerable  differences 
between  the  xarious  tenders  should  be  due  to  the  more  or  less  economy  of  the  com- 
peting systems,  we  have  made  inquiries  to  ascertain  the  reason  of  these  discrepancies, 
and  we  have  found  that  ])ractically  in  all  cases  these  w-ere  due  to  the  fact  that  the 
quantities  of  steel,  concrete,  and  centering  given  by  the  various  firms  of  designers 
showed  considerable  differences  which  could  only  be  explained  by  the  fact  that  either 
different  methods  of  calculation  had  been  used,  or  a  different  factor  of  safetv,  or 
finally  different  conditions  of  loading,  in  spite  of  a  clear  specification  having  been 
issued  by  the  architect  or  engineer  requiring  tenders. 

We  are  strongly  of  opinion  that,  in  all  fairness  to  the  various  competitors,  the 
architect  or  engineer  who  is  to  choose  between  the  competitors  should,  before  finally 
accepting  the  lowest  or  any  of  the  contractors,  investigate  his  calculations  and  his 
design,  and  in  particular  the  bill  of  quantities.  In  this  manner  the  work  would  be 
given  to  those  firms  who  have  made  a  proper  study  of  the  scheme,  and  all  discussions 
between  the  architect  or  engineer  and  the  contractors  concerning  insufficient  quantities 
will  be  settled  before  the  work  is  actually  given  to  any  particular  firm,  and  this  will 
save  any  discussion  which  mav  arise  later  on  during  the  execution  of  the  work  con- 
cerning the  insufficiency  of  the  quantities,  and  incidentally  the  work  will  have  been 
placed  in  proper  hands. — Yours  faithfully. 

The  Editor,  Edmoxd  Coignet,  Limitf.i:), 

Concrete  arid  ('(Disinicliionil  Eiigiuecririg.  G.  C.  Workman, 

Manacin£j  Director. 


The  Design  of  Reinforced  Conorete  Columns. 

39,  Newhall  Street,  Birmingham,  .\i)ril    loth.,    hj12. 

Dkar  Sir, — Permit  me  to  welcome  Mr.  Marsh's  letter  of  March  24th,  coming  as  it 
does  from  one  so  well  able  to  speak  on  the  subject. 

The  whole  paragraph  on  jjage  17  of  the  Committee's  second  rejjort  reads  :  "  The 
spacing  factor  should  not  be  taken  at  more  than  32,  even  if  p  is  less  than  •2d.  init 
uitcrmediate  values  of  the  spacing  factor  may  be  obtained  from  the  equation  : 

s  =  48—80  ^ 
d 

Clearly,  the  increase  in  permissible  stress  in  the  concrete  is  proportional  to  .9.  If, 
however,  the  maximum  value  of  s  is  fixed,  what  is  the  good  of  taking  />.  less  than  •2d, 
for  it  will  onlv  have  the  efi'ect  of  making  .s  greater  than  32?     For  when  p  —  ^2d 


s  =  48— 80a- 

.  2rf 
■    d 

s  =  48—16 

=  32 

second   jjoint. 

It 

With  regard  to  Mr.  Marsh's  second  jjoint.  It  is  quite  true  that  the  Committee 
recommends  that — 

"  The  stress  on  the  metal  reinforcement  {i.e..  the  value  of  ni.c.)  should  not  exceed 
o'5  of  the  yield  point  of  the  metal." 

It  is  also  quite  true  that  "  for  a  mild  steel  with  a  resistance  at  yield  point  of 
32,000  lb.  per  sq.  in.,  the  allowable  stress  would  be  16,000  lb.  per  sq.  in.  ..." 
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Mr.  Marsh  will  be  quite  aware  that  ii  is  possible  to  get,  with  special  steels,  a  much 
higher  resistance  at  yield  point  than  32,000  lb.  ;  in  fact,  twice  that  amount  is  readilv 
(■btainable.  The  whole  point,  I  suggest,  is  :  What  is  a  good,  general,  and  safe  figure 
to  be  used  with  the  ordinary  steel  to  be  obtained  on  the  market? 

The  working  stress  used  in  constructional  steelwork  for  steel  with  an  ultimate 
strength  of  28  to  32  tons  per  sq.  in.  is  7^  tons,  or  16,800  lb.  per  sq.  in.  It  seems  to 
me,  therefore,  that  Mr.  Marsh  might  have  taken  a  higher  figure  in  his  illustration,  as 
might  also  the  Committee  in  their  recommendations. 

Those  of  us  who  have  to  design  structures  to  pass  the  requirements  of  local 
authorities  know  that  they  are  willing  to  accept  designs  based  on  the  R.I.B.A. 
Committee's  Report.  If  the  recommendations  had  not  been  quite  so  conservative, 
we  should  have  been  able  to  save  our  clients  some  expense  without  running  any  risk. 

Again  expressing  my  pleasure  that  Mr.  Marsh  has  used  my  article  to  ventilate  the 
views  of  the  Committee,  I   am,  dear  Sir,  yours  faithfully, 

(Signed)   Harry  Jackson. 

P.S. — It  would  be  very  instructive  if  Mr.    Marsh  would  indicate  how   the  formula 

s  =  48 — 80  -   was  arrived  at. 
d 


Mr.  Marsh's  Reply  to  Above. 

April  i8th,  1912. 

Dear  Sir, — I  beg  to  thank  you  for  sending  me  a  copy  of  Mr.  Jackson's  letter  of 
April    loth. 

The  advantage  in  using  a  closer  spacing  than  o-2J  for  the  lateral  bindings  accrues 
from  the  increase  in  the  value  of  r  in  the  equation  c  =  cp  (i+fsr).  After  fs  reaches 
a  value  of  32  no  increase  may  be  made  to  this^  factor,  but  the  value  of  r  may  be  increased 

to  as  great  an  extent  as  niav  be  deemed  advisable.     The  equation  5  —  48  — 80    "     is  a 

straight  line  equation  obtained  from  the  values  of  i  given  in  the  report.  It  might  have 
been  equally  well  stated  that  intermediate  values  could  be  obtained  by  interpolation 
of  arithmetical  means. 

With  respect  to  the  stress  on  the  metal  reinforcement,  the  Committee  recom- 
mended that,  for  beams,  the  maximum  allowable  stress  should  be  16,000  lb.  per  sq.  in. 
for  mild  steel,  and  that  if  stronger  steel  were  used,  the  stress  should  be  0*5  of  the 
stress  at  yield  point,  but  such  stress  should  not  exceed  20,000  lb.  per  sq.  in.  The 
reason  for  this  recommendation  was  that  a  limit  must  be  placed  on  the  allowable 
tensile  stress  on  the  reinforcements  to  prevent  any  dangerous  cracking  of  the  concrete 
on  the  tensile  surface. 

In  the  case  of  compression  members  no  dangerous  cracking  was  to  be  feared, 
and  the  Committee  therefore  recommended  that  in  the  case  of  all  qualities  of  steel 
used  for  the  longitudinal  reinforcements  the  allowable  stress  should  be  taken  as  o'5,  the 
resistance  at  the  yield  point. 

In  my  diagram  for  the  calculation  of  compression  members  this  is  clearly  shown 
by  the  introduction  of  horizontal  lines  as  the  limits  for  steels  having  various  resistances 
at  the  yield  point.  Yours  faithfully, 

Th?  Editor,  Cn>icrcte  and  Co)istriictio)nd  Eiiginceri>ig.  Charles  F.  Marsh. 
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Memoranda  and  Netvs  Items  are  presented  under  this  heading,  "with  occasional  editorial 
comment.     Authentic  neivs  "will  be  "welcome. — ED. 


Sixty- ton  Test  on  Concrete  Pile. — A  remarkable  test  on  a  concrete  pile  was  made 
during  the  course  of  last  year  by  Lockwood,  Greene  &  Co.,  of  Boston,  on  a  "  Simplex  " 
concrete  pile  driven  at  the  New  Print  Works  of  the  Pacific  Mills  by  the  New  England 
Foundation  Co.,  the  contractors.  Although  the  duration  of  the  test  was  two  months, 
and  the  load  60  tons  for  more  than  one  month,  the  settlement  recorded  was  practically 
negligible.  It  is  undoubtedly  one  of  the  most  exhaustive  tests  ever  made  on  a  concrete 
pile ;  and  it  should  be  noted  that  the  pile  was  driven  in  the  spring  of  the  year,  when  the 
ground  was  moist  and  cold,  causing  the  concrete  to  set  comparatively  slowly.  The 
figures  have  added  value,  as  data  on  this  subject  are  extremely  scarce,  principally  due  to 
the  fact  that  there  is  not  usually  an  opportunity  for  testing  a  pile  which  will  see  actual 
service.  However,  conditions  at  the  Pacific  Mills  are  such  that  a  complete  test  was 
possible. 

The  general  method  used  in  the  "  Simplex"  system  consists  in  driving  to  a  suitable 
bearing,  under  a  drop  hammer  operated  in  a  substantially  rigged  pile-driver  frame, 
a  i6-in.  diameter,  f-in.  thick  hollow  cylindrical  steel  tube,  or  form,  to  the  lower  end  of 
which  is  fitted  loosely  a  conical  cast-iron  point.  As  practically  the  entire  energy  of  the 
hammer  is  delivered  to  the  point,  full  value  is  given  to  the  penetration,  equal  com- 
pression to  the  soil  all  the  way  down,  and  developing  tiie  full  bearing  value  of  the  soil 
from  top  to  fMDint.  Upon  reaching  the  required  depth  the  form  is  filled  with  soft 
concrete,  by  means  of  drop  bottom  buckets,  to  a  sufficient  height  and  quantity  to  fill 
the  pile  hole  to  proper  level.  The  form  is  then  pulled  out,  leaving  the  point  in  the 
ground,  the  concrete  being  forced  dowm  and  out  by  its  own  weight,  thereby  completely 
filling  the  hole  to  its  compacted  wall.  The  concrete  is  always  placed  before  the  removal 
of  the  form,  no  shell  being  left  in  the  ground. 

The  pile  under  test  was  driven  on  the  banks  of  the  Merrimac  River,  through  a 
stratum  of  gravel  which  is  filled  with  water.  In  order  to  keep  the  water  out  of  the  tube 
while  it  was  being  filled  with  concrete  a  coil  of  oiled  jute  was  placed  between  the  cast- 
iron  point  of  the  pile  and  the  steel  tube.  To  obtain  an  even  bearing  area  for  the  load  the 
pile  was  cut  off,  capped,  and  then  surmounted  by  an  iron  plate,  upon  which  were 
balanced  8-in.  x  14-in.  timbers,  over  which  were  placed  similar  timbers  at  right  angles. 
The  platform  was  then  erected  to  support  the  brick  wall. 

By  counting  three  different  piles  of  100  bricks  each  the  average  weight  per  brick 
was  found  to  be  5*  18  lb.  Every  part  of  the  platform  and  all  materials  supporting  the 
brick  load  were  carefully  weighed  previously  and  found  to  weigh  3,4^6  lb. 

Readings  were  obtained  by  means  of  a  piece  of  ij-in.  gas  pipe,  17  ft.  long,  placed 
upon  the  iron  plate  bc'tween  the  timbers,  and  by  referring  to  a  nailhead  placed  in  the 
river  wall  near  the  pile  and  assumed  as  zero.  Readings  were  taken  daily  at  nearly  the 
same  hour,  corrections  of  temperature  for  above  gas  pipe  being  made  after  June  2nd. 

The  test  began  on  May  13th,  which  was  ten  days  after  the  pile  was  driven.  A  load 
of  30  tons  was  applied  on  the  14th,  and  this  was  not  changed  until  May  19th,  the 
difference  of  readings  being  "006.  On  the  latter  date  15  tons  more  were  applied,  making 
the  load  45  tons.  On  June  8th  the  load  was  finally  increased  to  60  tons,  and  this  was 
left  until  July  14th.  The  total  variation  from  May  14th  to  July  14th,  when  the  test  was 
closed,  was  "012,  which  was  the  apparent  settlement. 

The  diameter  of  the  pile  was  16  in.,  and  its  length  19  ft.  7  in.  The  concrete  was 
mixed  in  the  proportion  of  i  :  2^  :  5. 
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Le   Cbatelier's    Test  for  Constant    Volume.  —  At  the  recent  annual  meeting  of 

the  German  Association  for  Testing  Materials,  Dr.  O.  Strebel  reported  the  results  of 
an  extensive  investigation  on  the  Le  Chatelier  test.  This  well-known  test  consists  in 
measuring  the  expansion  of  a  cylinder  of  neat  cement  by  means  of  a  brass  cylinder 
30  mm.  diameter  and  30  mm.  high,  provided  with  two  long  indicating  limbs.  These 
indicating  limbs  are  165  mm.  in  length  from  their  pointed  tips  to  the  centre  of  the 
cylinder. 

The  test  is  made  by  laying  the  appliance  on  a  glass  plate  and  filling  it  with 
cement  mortar,  the  mould  being  kept  closed  by  means  of  a  clamp.  A  second  glass 
plate  is  then  laid  on  top  of  it  and  is  loaded  with  a  convenient  weight.  The  whole 
apparatus  is  next  immersed  in  cold  water  at  room-temperature  (56°  F.),  and  is 
allowed  to  remain  for  twenty-four  hours.  On  removal,  the  distance  between  the 
indicating  limbs  is  measured,  the  apparatus  again  immersed  in  water,  and  the 
temperature  of  the  latter  is  then  raised  to  boiling  point  in  twentv-five  to  thirty  minutes 
and  is  kept  boiling  for  six  hours.  At  the  end  of  this  time,  the  apparatus  is  removed 
from  the  water,  allowed  to  cool,  and  the  distance  between  the  tips  is  again  measured. 
The  increased  divergence  should  not  exceed  10  mm. 

The  Committee  on  Accelerated  Tests  of  the  International  Association  for  Testing 
.Materials  presented  to  the  Copenhagen  Congress  in  1909  (see  Concrete  and  Con- 
structional Engineering,  1909,  IV.,  349),  recommended  that  the  expansion  in  cold 
water  should  also  be  measured,  but  no  figures  for  this  were  reported  bv  Dr.  Strebel. 

Dr.  Strebel  began  by  pointing  out  the  irregular  results  obtained  bj'  various 
investigators  and  the  general  unwillingness  to  accept  the  indications  of  this  test, 
these  culminating  in  the  Stuttgart  meeting  of  the  association  at  which  a  new  series 
of  tests  was  ordered.  He  then  dealt  with  a  recommendation  in  which  it  was  sug- 
gested that  all  cements  should  be  cerated  twenty-four  hours  and  seven  days,  respectively, 
before  being  tested.  Six  cements  were  tested  in  ten  different  laboratories — (a)  as 
received,  (b)  after  twenty-four  hours'  aeration,  and  (c)  after  seven  days'  further 
aeration.  The  cements  were  purchased  in  the  ordinary  manner,  those  which  werej 
selected  being  suspected  of  a  tendency  to  expand.  They  were  analysed  and  tested  as, 
shown  in  the  accompanying  table  : —  ! 

Analvsis  and  Tests.  I 


Cement 

Cement 

Cement 

Cement 

Cement 

Cement 

I. 

3- 

4- 

5- 

6. 

Chemical  Analysis  : 

Insoluble  matter  ... 

2.48 

0.83 

0.41 

0.24 

0.64 

1.66 

SiO,            

20.39 

19.94 

18.24 

20.37 

21.13 

19.46 

Al,6s         

10.41 

8.46 

7-31 

7.32 

6.37 

7-94 

Fe„0,        

2.53 

2.7S 

2.74 

2.63 

3-6i 

3  45 

CaO    '        

52.48 

£1.71 

62.07 

61.82 

64-13 

5891 

MgO           

2.59 

1.65 

1.87 

1.85 

1.52 

3-43 

SO,             

3 -.36 

2.18 

1.67 

1.69 

1.06 

2. or 

Sulphides  as  S.     ... 

0.29 

O.OI 

0.02 

0.06 

— 

0.09 

Loss  on  Ignition  ... 

4.12 

2.58 

4.48 

3-34 

2  54 

2.54 

Specific  Gravitv  : 

Raw 

2.Q4I 

3.027 

2.948 

3-OI4 

3.133 

3.045 

Calcined     ... 

3.125 

3-157 

3.193 

3.189 

3 -205 

3-205 

Litre    weight    in    kg., 

loose 

1.008 

1.081 

r.056 

1.149 

1. 211 

1,039 

After  shaking 

1-599 

1.726 

1.636 

1. 816 

1.920 

1.746 

Per  cent,  residue  on  s 

ieve  : 

No.  75        

1.2 

r.o 

0.5 

I.I 

0.6 

1.8 

No;  173      

16.2 

18.0 

1 1 -5 

17.6 

19-4 

21.4 

Setting  Time  : 

Beginning 

4  Hrs.  25 

4  Hrs.  35 

3  Hrs.  15 

S  Hrs.  45 

3  Hrs.  55 

2  Hrs.  20 

End             

8  Hrs.  25 

7  Hrs.  30 

6  Hrs.  45 

7  Hrs.  35 

6  Hrs.  25 

6  Hrs. 

Strength    i  :  3    norma 

1   sand 

fafter      immersion)      in 

kg/qcm : 

Tensile,  28  days  ... 

21.4 

27.5 

25-7 

27-3 

22.4 

23-3 

Crushing  7  days   ... 

113 

288 

253 

181 

212 

166 

28  days... 

157 

373 

322 

234 

366 

234 

'After      combined     storage) 

in  kg/qcm  : 

3S.5 

Tensile,  28  days  ... 

... 

36.0 

47.3 

42.2 

40.2 

38.5 

Crushing,  28  days 

214 

443 

375 

294 

407 

28 1 
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THE  BRITISH  STEEL 
PILING   COMPANY 

DOCK  HOUSE,  BILLITER  ST. 


Telephone  : 
1414  AVENUE 


LONDON,  E.C. 


Telegrams  : 

GRAMERCY.  LONDON 


Illustration  shows  one  of    three  cofferdams  constructed  with  our 
steel    piles    at   L.C.C.   Reconstruction,    Deptford  Creek    Bridge. 


Universal  Joist  Steel  Sheet  Piling  for 
Cofferdams,  Retaining  Walls,  etc.  etc. 

Used  by  the  BRITISH  AND  COLONIAL 
GOVERNMENTS,  FRENCH  GOVERN- 
MENT, AND  LEADING  CONTRAC- 
TORS   AT     HOME     AND    ABROAD. 

Latest   Types    of     Pile-Driving   Equipments 
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Cement  1  showed  a  relalively  small  expansion  after  boiling.  The  fresh  cement 
and  that  after  t\vent3-four  hours'  aeration  seldom  expanded  more  than  5  mm. 
Curiousl}'  enough,  at  one  laboratory  the  sample,  after  seven  days'  aeration,  exceeded 
the  limit  just  mentioned,  and  in  this  one  instance  proved  erratic.  'Die  same  sample 
also  behaved  curiously  whilst  setting.  The  expansion  in  all  three  periods  of  aeration 
showed  very  variable  results  in  the  hands  of  different  chemists.  In  one  laboratorv 
the  expansion  was  reported  as  less  than  i  mm.,  but  in  three  others  as  over  10  mm. 
In  short  this  cement  proved  to  be  abnormal  and  irregular  during"  the  early  stage  of 
setting,  but  later  proving  quite  constant  in  volume.  This  cement  is  one  in  which  the 
expansion  tests  have  ordinarily  been  made  in  cold  water.  The  high  percentage  of 
sulphur  trioxide  shows  that  it  contains  gypsum — a  well-known  cause  of  expansion. 

Cement  2  showed  extraordinary  variations.  When  fresh,  the  smallest  expansion 
was  4  mm.,  the  largest  37  mm.  After  twenty-four  hours'  aeration  the  smallest 
expansion  was  3I  mm.,  the  largest  31^  mm.  In  one  laboratory  the  conventional  limit 
of  10  mm.  was  not  exceeded,  and  the  cement  reported  as  constant  in  volume.  After 
seven  days  the  smallest  expansion  was  2  mm.,  the  largest  20^  mm.  In  two  cases 
(he  cement  was  reported  as  constant  in  volume  after  this  period. 

Cement  5  behaved  similarly  to  cement  2,  but  the  variations  were  somewhat 
larger  on  account  of  a  more  tardv  setting.     It  gave  the  following  results  : — 


Fresh  Cement 

After  24  hours'  aeration 

After  7  days'  nc-ration 


Smallest  Expansion. 


4mm. 

6mm. 

5imm. 


Greatest  Expansion. 

25mm. 
23mm. 

21)imm. 


Here  again   Laboratory   I    gave  the  lowest  results — viz.. 

Fresh  cement  4  mm.   expansion. 

After   twenty-four   hours'   aeration    5^    mm.    expansion. 

After   seven  days'  seration   6  mm.   expansion. 

These  are  the  mean  of  duplicate  tests. 

Laboratory  F  also  reported  that  the  ci'inent  was  within  the  limits  of  the  Le 
Chatelier  test. 

Cement  4  also  showed  great  variations.  Laboratory  I  reported  "  constant 
volume,"  whilst  E  reported  as  high  an  expansion  as  33  mm.  The  expansion  in  cold 
water  showed  a  similar  result.  It  is  noteworthy  that  two  chemists  reported  the 
highest  expansion,  whilst  another  reported  that  the  cement  had  a  constant  volume. 

Cement  5  was  a  rapid  setter  in  hot  water,  and  it  exceeded  the  ordinary  limits  of 
the  Le  Chatelier  test,  the  results  also  varying  greatly  among  themselves. 

The  following  results  are  interesting  : — 


Smallest  Expansion. 

Greatest  Expansion. 

Fresh  Cement        I5imni. 

After  24  hours'  a;ration 25mm. 

After  7  days'  ^ration        14mm. 

27mm. 

71^mm. 

53mm. 

This  cement  possesses  the  curious  property  of  showing  little  or  no  expansion 
during  the  first  twenty-four  hours'  immersion  in  cold  water.  The  differences  of  the 
results  obtained  by  different  laboratories  agreed  better  than  those  for  some  other 
cements,  but  here  again  E  and  H  reported  the  highest  and  F  and  I  the  lowest 
expansions. 

Cement  6  was  reported  by  Laboratory  I  to  be  within  the  prescribed  limit  (10  mm.), 
and  the  others  reported  it  as  outside  the  limit.     The  following  results  were  obtained  : — 


Fresh  Cement 

After  24  hours'  aeration 

After  7  days'  aeration 


Smallest  Expansion. 

5mm. 
8mm. 

7mm. 


Greatest  Expansion. 

22  J  mm. 

22mm 

20imm. 
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The  £^ruat  variations  in  the  results  compel  the  conclusion  that  the  Le  ("hateliiT 
test  is  unreliable.  'I'his  has  recently  been  confirmed,  said  Dr.  Strebel,  by  tests  in 
Knf^lish  laboratories.  Denmark  in  its  newly-issued  Standard  Specification  retains  the 
cold  water  test  and  only  admits  (he  Le  Chatelier  test  under  limitation,  in  spite  of  the 
fact  that  it  was  Danish  results  which  first  caused  this  lest  to  become  po[)ular. 

Dr.  Strebel  concludes  :--- 

(a)  That  the  Le  Chatelier  test  of  a  cement  wiiich  shows  a  tendency  to  e.\j)and  in 
cold  water  does  not  expand.  If  a  cement  has  an  abnormal  composition  it  is  soon  taken 
off  the  market,  .and  <a  person  who  relies  on  the  Le  Chatelier  test  will  experience 
trouble. 

(ly)  That  the  same  cement  i^ixes  widely  differing  results  in  different  labor.atories. 
The  danger  of  using  the  test  under  these  circumstances  is  obvious.  Even  with  highly 
skilled  and  most  painstaking  chemists  the  results  are  discordant,  and  when  the  test 
is  carried  out  in  tiic  ordinary  course  of  works  routine  the  results  would  be  most 
misleading. 


EDITORIAL   MEMOS. 
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EDITORIAL    NOTES. 


THE    CONCRETE   INSTITUTE. 

The  Concrete  Iristitute  lias  again  completed  an  official  year  of  its  existence, 
and  has  marked  the  e\  ent  bv  holding-  an  annual  general  meeting".  I'here  has 
also  been  the  anniversary  dinner,  which  has  now  become  a  function  of  the 
year,  and,  generally  speaking,  these  two  events  have  suitably  marked  the 
conclusion  of  its  session. 

This  journal  lias  done  everything  possible  to  assist  the  Institute  during 
its  inception  and  early  days,  and  if  it  has  occasdonally  had  to  publish  strictures 
as  to  a  certain  absence  of  progress  and  development,  and  has  criticised  some 
of  its  work,  it  is,  we  believe,  realised  on  all  hands  that  this  was  not  done 
in  any  carping  spirit,  but  with  a  \"iew  to  helping  the  Institute  in  its  career,  and 
at  the  same  time  assist  in  the  general  scientihc,  technical,  and  practical 
development  of  the  uses  of  concrete. 

With  the  Annual  General  Meeting  referred  to  above  tliere  was  presented 
the  annual  report  of  the  Institute  for  the  session  igii-12,  and,  whilst  it 
contains  the  general  features  to  be  found  in  all  societies'  reports,  there  is 
certainly  no  doubt  that  the  Institute  during  its  last  twelve  months  has  done 
some  very  useful,  tangible,  and  effective  work.  That  it  should  have  been  able 
to  do  this  during  a  period  when  much  of  its  time  was  devoted  to  the  discussion 
of  its  scope,  its  rules  and  future,  is  a  matter  for  congratulation,  for  to  the 
outside  world  and  to  the  general  membership  it  appeared  as  if  these  discussions 
on  administrative  questions  were  given  precedence  to  the  discussion  of  scientific 
and  practical  work. 

REGVLATroXS    FOR    REIXFORCED    COSCRETE. 

Perhaps  the  most  useful  piece  of  work  that  has  been  done  by  the  Institute 
in  the  1911-12  session  was  in  connection  with  the  proposed  legulations  for 
reinforced  concrete  under  the  London  County  Council  General  Powers  Act, 
igog,  without  being  coerced  by  the  antagonistic  policy  towards  these  regulations 
advocated  by  certain  other  societies,  and  mainly  by  the  Royal  Institute  of 
British  Architects.  Ihe  Concrete  Institute  has  done  good  work  in  pointing 
out   certain    features    that   can    be    improved,    and    where    suitable    compromises 
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mig-ht  be  arrived  at  between  divcrg-enl  views.  We  h(jpe  that  in  future,  in 
matters  relating  to  legislation,  the  Institute  may  rather  work  in  the  direction  of 
standing  on  its  own  feet,  and  precisely  putting  forward  its  own  views,  without 
giving  much  lime  to  the  various  discussions  of  other  bodies,  none  of  which 
can  have  such  a  comprehensive  knowledge  of  the  subject  as  tin-  memljers  (A 
the  Concre'ic  Institute,  and  none  of  which  can  put  forward  its  case  against 
legislation  without  obvious  bias.  One  of  the  objects  of  the  Concrete  Institute's 
existence  is  to  obtain  sound  and  fair  building,  and  such  sound  and  fair  building 
cannot  be  obtained  without  regulations,  as  human  nature  is  not  so  prone  to 
safeguards  as  to  apply  them  fully  without  compulsion. 

With  regard  to  the  work  of  the  committees,  we  would  particularly  refer 
our  readers  to  the  report,  from  which  it  will  be  seen  that  tlie  scope  of  the 
subjects  under  rc\  iew  is  vast,  and  very  great  credit  will  be  due  to  the  com- 
mittees in  question  if  they  can  bring  feasible  conclusions  before  the  membership 
on  some  few  of  the  many  problems  they  have  in  hand  ;  but  we  think  that  it 
would  be  as  well  f(jr  the  Institute  to  devote  its  energies  to  two  or  three  imme- 
diate problems  rather  than  to  fritter  away  its  energy  with  two  or  three  each 
dealt  with  in  a  leisurely  fashion. 

That  the  Institute  is  referred  to  in  an  Act  of  Parliament  on  matters 
relating  to  concrete,  and  that  it  should  be  invited  to  send  representatives  to 
joint  commissions,  is  flattering  to  such  a  young  institution.  But  we  would 
suggest  here  that  the  work  of  representing  the  Institute  on  other  bodies  should 
be  distributed,  as  far  as  possible,  amongst  the  members  of  council  or  members 
of  standing  committees,  so  that  not  too  great  a  load  should  fall  on  any  one 
man. 

MEETISGS. 

Of  administrative  features,  we  welcome  the  more  frequent  issue  of  the 
Institute's  "  Transactions,"  and  we  are  glad  to  observe  that  the  library 
is  making  some  progress.  But  what  is  wanted  more  than  anything  else  on 
the  administrative  side  are  really  lively  meetings,  with  good  debates,  and  these 
have  been  somewhat  lacking  during  the  past  year.  We  are  given  to  under- 
stand that  the  programme  for  the  next  year  will  show  certain  improvement 
in  this  direction.  Some  of  the  papers  presented  before  were  really  excellent, 
but  the  discussion  in  most  cases  was  poor  indeed.  We  have  frequently 
expressed  our  view  as  to  the  locale  of  the  meetings,  but,  assuming  that  this 
cannot  be  changed,  we  think  much  could  be  done  by  having  an  active  sub- 
committee to  make  the  arrangements  for  the  meetings,  invite  the  speakers  to 
the  discussions,  and  the  like. 

Turning  further  to  the  report,  we  find  a  slight  increase  in  the  membership, 
and  we  think,  with  energetic  management,  that  this  should  continue  to  increase, 
^ilthough  we  are  not  forgetting  that  this  membership  of  some  900  is  a  very 
strong  one  for  so  young  a  society. 

CHANGES    ox    THE    COCXCIL. 

Regarding  the  retirement  of  some  prominent  members  of  the  council,  which 
we  also  notice  in  the  report,  we  naturally  realise  that  some  of  the  older  and 
■distinguished  engineers,   who  really  only  joined   to   assist  the  venture,   to  add 
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prestig-e  to  its  infant  years,  and  give  advice  when  called  upon,  could  not  be 
well  expected  to  attend  meetings.  Therefore,  replacement  by  younger  and  more 
active  men,  now  that  the  Institute  is  well  on  its  way,  is  perhaps  an  advantage. 
Nevertheless,  it  should  be  remembered  that  the  ladder  which  the  Institute 
climbed  was  supported  by  such  eminent  men  as  Sir  Douglas  Fox,  Sir  William 
Preece,  Sir  William  Mather,  and  Mr.  .Alexander  Ross,  and  that  very  great 
thanks  are  due  to  these  for  the  early  assistance  rendered  to  the  Institute.  That 
.Mr.  William  Uunn,  whose  name  has  been  very  prominent  in  matters  relating 
to  concrete,  has  also  retired  is  certainly  to  be  regretted  in  one  sense.  On  the 
other  hand,  his  well-known  antagonism  to  reinforced  concrete  regulations, 
in  which  he  figured  so  largely  in  the  Royal  Institute  of  British  Architects,  put 
him  very  much  out  of  sympathy  with  the  general  interest  of  the  Institute,  and 
his  replacement  bv  so  eminent  an  authority  as  Mr.  Boulnois — who  was  till  lately 
connected  with  the  Local  Government  Board — is  again  an  advantage  to  the 
Institute.  Xevertheless,  it  should  here  be  remembered  that  Mr.  William  Dunn 
rendered  eminent  service  to  the  Institute's  Science  Committee,  and  that  the 
thanks  of  the  Institute  are  due  to  him  for  much  useful  work  in  that  direction. 

RETJREMEXT    OF    SIR    HEXRY    TA.WER. 

We  now  turn  to  another  administrative  change.  -Sir  Henry  Tanner  has 
concluded  his  two  years'  office  as  President,  but  we  are  pleased  to  (jbserve  he 
retains  his  seat  on  the  council  and  an  active  interest  as  Past-President.  We 
think  this  is  a  suitable  opportunity  to  point  out  to  our  many  readers  the  very 
manv  services  rendered  bv  .Sir  Henrv  Tanner  to  the  Institute  during  his  two 
Nears  of  (office.  The  Institute  has  not  grown  in  numbers  and  funds  during- 
thai  period,  but  it  has  gained  immeasurably  in  prestige,  which  was  in 
some  measure,  if  not  entirely,  due  to  .Sir  Henry  Tanner.  This 
particular  feature  of  the  Institute's  existence  under  .Sir  Henr\-  Tanner's  reign 
cannot  be  underestimated,  as  a  certain  amcjunl  of  internal  dissension  seemed 
likely  to  weaken  the  Institute  at  a  critical  period.  Had  it  not  been  for  Sir 
Henry's  presidency  during  that  critical  period,  there  is,  to  our  mind,  not 
the  slightest  doubt  but  that  the  Institute  would  have  m.aterially  decreased  in 
prestige,  and  it  might  have  eventually  led  to  its  being  split  up  into  two  minor 
societies,  representing  different  interests.  The  great  courtesy  and  justice  of 
Sir  Henry  Tanner's  decisions  in  the  'Institute's  career  practicallv  minimised 
internal  trouble,  smoothed  over  the  difficulties,  and  made  it  possible  for  him 
to  leave  the  chair  at  the  end  of  his  term  with  an  Institute  higher  in  prestige 
than  the  one  in  which  he  had  taken  office,  and  an  Institute  whicli  seems 
to  have  a  bright  future  before  it. 

We  feel  sure  that  the  primary  feature  of  the  Institute's  work  during  the 
next  year  should  be  activity  in  practical  and  instructive  m.atters,  and  that  it 
should  be  oblivious  to  internal  administrative  matters.  Whatever  the  Insti- 
tute's rep(jrt  on  scope  may  be,  or,  rather,  what  the  findings  of  its  committee 
may  be,  as  to  titles  or  sub-titles,  these  are  entirelv  matters  of  minor  importance 
ccjmpared  witli  successful  records  of  work  done  and  accomplished.  If 
under  the  new  President's  rule  a  good  record  can  he  obtained  of  work  achieved, 
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it  will  l)e  a  great  fcatiuT  in  his  cap;  for,  wliilst  llierc  is  much  to  do,  ihc-rc 
is  no  doubt  the  whole  subject  ol'  concrete  is  such  a  complex  one,  so  subject  to 
diiference  of  opinion,  that  tangible  results  are  difficult  to  obtain. 

THE  .\E\v   PRi:i>ii)i:.\r. 

The  new  President,  it  should  be  mentioned  here,  is  Mr.  E.  P.  \\  (^^,  j.P., 
who  took  a  most  acti\e  part  in  the  formation  of  the  Institute,  and  who  has 
acted  as  honorar\'  treasurer  in  a  mcjst  judicious  manner.  We  wish  Mr.  Wells 
every  success  on  the  nt'w  a(jpointment,  and  we  cong^ratulate  him  on  holding- 
the  highest  ollue  in  tlu'  profession  of  concrete  designing-,  which  he  adcjrns. 
The  position  which  he  will  now  occupy  for  two  years  is  no  easy  one,  but  it  is 
an  eminently  distinguished  one,  and  if,  as  we  trust,  the  Institute  again  pro- 
gresses— be  it  in  prestig'-e,  in  numbers,  or  in  funds — there  is  no  doubt  a  larg-e 
amount  of  crcflit  for  such  achievements  will  be  due  to  him  who  occupies  tiie 
chair. 


Sir  Henry  Tanner,  C.B..  I.S.O.,  F.R.I. B.A. 
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ANNUAL  GENERAL  MEETING. 


The  Third  Annual  General  Meeting  of  the  Concrete  Institute  ivas  held 
on  Thursday,  May  9th,  1'>12,  at  4.30  p.m.,  at  Denison  House,  Vauihall 
Bridge  Road,  Westminster,  S.W.,  Sir  Henry  Tanner,  C.B.,  I.S.O., 
F.R.I. B. A.,  presiding,  ■when  the  Annual  Report  -was  put  fonward. 
Beloiu  •we  gii>e  a  summary  of  the  report  and  of  the  proceedings.  -  ED. 


REPORT    OF    COUNCIL    FOR    1911  =  12    SESSION. 

The  Concrete  Institute  had  on  April  30th,  191 2,  881  Members,  24  Students,  and 
]  I  Special  Subscribers. 

The  increase  in  membership  from  the  foundation  ot  the  Institute  is  recorded 
in  six-monthly  periods  in  a  chart  accompanying  the  report. 

The  finances  of  the  Institute  are,  as  shown  by  the  balance-sheet,  in  a 
satisfactory  condition. 

Tlie  "general  meetings  and  visits  are  duly  recorded  from  time  to  time  in 
the  "  Transactions,"  and  therefore  are  not  included  here.  The  thanks  of  the 
Institute  are  due  to  the  authors  of  the  papers  and  to  those  who  acted  as  hosts 
on  the  occasions  of  the  visits  referred  to. 

The  Council  has  in  the  past  year  been  concerned  with  numerous  technical 
and  administrative  matters. 

One  of  the  principal  items  occupying-  the  attention  of  the  Council  and  a 
Joint  Committee  of  the  Science  and  Reinforced  Practice  Standing"  Committees 
has  been  the  consideration  of  the  proposed  Regulations  made  under  the  provi- 
sions of  Section  23  of  the  i-ondon  County  Council  (General  Powers)  Act,  1909, 
with  respect  to  the  construction  of  buildings  wholly  or  partly  of  reinforced 
concrete. 

.4  draft  of  suggested  Regulations  was  submitted  by  the  Superintending 
Architect  of  the  London  County  Council  to  tiie  Institute  for  its  considera- 
tion, and  the  action  taken  was  recorded  in  the  annual  report  for  the  1910-11 
session.  The  1909  Act  referred  to  provides  that  the  Concrete  Institute,  together 
with  the  Institution  of  Ci\il  Engineers,  the  Royal  Institute  of  British  Architects, 
and  the  Surveyors'  Institution,^  shall  have  notice  of  the  Council's  intention  to 
apply  to  the  Local  Government  Board  for  the  allowance  ot  any  regulations  as 
to  the  use  of  reinforced  concrete  in  the  county  of  London,  and  such  notice  was 
duly  gi\en  at  the  beginning  of  December,  191 1.  The  Institute's  suggestions  as 
to  the  amendment  of  these  regulations  have  been  sent  to  the  Secretary  of  the 
Local  Government  Bo.ard  and  to  the  Superintending  Architect  of  the  London 
County  Council,  and  in  due  course  the  Council  of  the  Concrete  Institute  \\\\\  be 
able  to  inform  the  members  as  to  the  outcome  of  such  action. 
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In  October,  191 1,  a  proi^osal  for  widening-  the  scope  of  the  Institute  was 
considered  by  the  Council  and  referred  to  a  Committee,  whose  report  was 
approved  on  March  14th,  1912;  an  abstract  of  tin-  rcpcjrt  is  appended.  The 
members  of  the  Committee  are  :  Mr.  K.  I'.  Etchells  (Chairman),  Professor 
Henry  Adams,  Mr.  Alexander  Drew,  Mr.  Charles  F.  Marsh,  Mr.  W.  Ci. 
Perkins,  Mr.  lulwin  O.  .Sachs,  Mr.  H.  D.  Searles-W'ood,  Mr.  L.  .SerraiUier, 
Sir  Henry  Tanner,  and  Mr.   E.  P.  Wells. 

A  seal,  medal,  die,  and  certificate  of  mcmlxrsliip  have  been  designed  and 
eng-raved  for  the  Institute  by  Mr.  Ceiil  Thomas,  and  the  certificates  of  member- 
ship have  been  issued  to  all  the  members  who  have  paid  their  subscriptions  for 
the  current  year. 

The  question  of  awarding  a  bronze  medal  for  the  best  paper  read  in  the 
previous  session  was  decided  by  ballot  among-  the  members  of  Council,  and  as  a 
result  the  medal  has  been  awarded  to  Professor  Beresford  Pite,  F.R.I.B..\.,  for 
his  paper,  entitled  "  The  Esthetic  Treatment  of  Concrete." 

Sir  Henry  Tanner  has  been  appointed  delegate  of  the  Concrete  Institute 
at  the  Congress  of  the  Royal  Sanitary  Institute  to  be  held  in  June  next. 

The  International  Association  of  Road  Congresses  have  asked  the  Institute 
to  appoint  delegates  to  the  Third  International  Road  Congress  to  be  held  in 
London  in  June,  191 3,  and  delegates  will  be  appointed  after  the  annual  general 
meeting  has  taken  place. 

The  following  members  of  the  Council  resigned  in  the  past  year  :  Mr. 
William  Dunn,  Captain  J.  Gibson  Fleming,  Sir  Douglas  Fox,  Mr.  W.  T. 
Hatch,  Mr.  W.  H.  Johnson,  Mr.  F.  May,  Sir  William  Preece,  and 
Mr.  Alexander  Ross.  The  Council  co-opted  the  following  to  fill  some  of  the 
foregoing  \acancies  :  Mr.  H.  Percv  Bculnois,  Mr.  Alexander  Drew,  Mr.  A. 
Alban  H.  Scott,  and  Mr.  L.  SerraiUier. 

In  consequence  of  the  resignation  of  Sir  Douglas  Fox  and  Sir  William 
Preece  as  \'ice-Presidents  of  the  Institute  and  of  the  retirement  of  Sir  William 
Mather,  Mr.  William  Dunn,  Mr.  C.  S.  Meik,  and  Mr.  F.  E.  Wcntworlh- 
Sheilds  were  appointed  to  the  vacancies  in  November.  Mr.  William  Dunn  and 
Mr.  Alexander  Ross  resigned  as  \'ice-Presidents  in  March,  and  Mr.  H.  Percy 
Boulnois  and  Mr.   E.  P.  Wells  were  elected  in  their  stead. 

Sir  Henry  Tanner's  term  of  office  as  President  expiring  in  May,  Mr.  E.  P. 
Wells  Avas  appointed  President  for  the  ensuing  two  years.  The  Council  is 
pleased  to  record  that  Sir  Henry  Tanner  will  continue  as  a  member  of  Council 
in  the  capacitv  of  a  Past-President  and  continue  to  give  the  Institute  that  help 
and  guidance  which  have  been  so  valuable  in  the  past. 

It  has  been  decided  that  Chairmen  of  the  various  Committees  shall  be 
subject  to  annual  election  or  re-election,  and  that  the  lists  of  members  of  the 
Standing  Committees  shall  be  revised  after  each  annual  election  of  members  of 
Council.  It  has  been  decided  also  that  Chairmen  of  the  Committees  shall  be 
cx-officio  members  of  the  Finance  and  General  Purposes  Committee. 

The  First  Annual  Dinner  of  the  Institute  was  well  attended,  and  passed 
off  successfully.  The  attendances  at  the  two  days'  Summer  Meeting  were  not 
satisfactory,  and  it  has  not  been  thought  advisable  to  hold  similar  meetings  this 
year. 
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During-  the  present  session  a  larger  number  of  meetings  \vill  have  been 
held  than  in  any  previous  session,  and  next  session  it  is  intended  to  resume  the 
cc'urse  of  Educational  Lectures  to  students  which  were  begun  last  session. 
The  work  of  the  Institute  is  increasing,  and  it  is  hoped  to  extend  the  number 
of  meetings  next  year,  and  that  the  subjects  to  be  dealt  with  will  be  of  more 
general  interest  by  reason  of  the  extension  of  the  scope  to  cover  structural 
engineering  generally. 

A  librarv  is  ii\  process  of  formation  at  the  Institute,  and  a  number  of 
donations  have  been  received ;  but  the  Council  would  welcome  the  presentation 
of  books,  papers,  .md  other  publications  on  the  subject  of  structural  engineering 
generally,  the  funds  at  present  precluding  an\-  large  purchase  of  such  works. 
A  catalogue  of  works  in  the  library  will  eventually  be  published,  and  members 
will  be  enabled  to  borrow  books. 

The  "  Transactions"  will  in  future  be  issued  quarterly,  and  articles  or 
notes  from  members  will  be  welcomed  for  insertion  therein.  In  order  to  meet 
the  extra  cost  it  is  proposed  to  in\  ite  advertisements,  and  the  assistance  of 
members  in  this  direction  will  be  \aluable. 

The  Finance  and  General  Purposes  Committee  ha\e  held  regular  meetings 
preliminary  to  each  Council  meeting,  and  the  general  results  of  their  delibera- 
tions are  recorded  in  the  foregoing  particulars  of  the  work  of  the  Council 
during  the  year.  Mr.  H.  D.  Searles-W^ood  and  Mr.  G.  C.  Workman  were 
appointed  members  of  the  F"inance  and  General  Purposes  Committee  in  June, 
igii,  in  lieu  of  Mr.  W.  T.   Hatch  and  Mr.  L.   Serraillier. 

As  regarils  the  wcjrk  of  the  Science  Standing  Commillee,  the  Institution  of 
Municipal  and  County  Engineers  requested  the  opinion  of  the  Concrete  Institute 
upon  a  Standard  Specification  for  Concrete  Flags  which  they  proposed  issuing, 
and  tlie  Committee  made  a  number  of  suggestions  whicli  the  Institution  has 
intimated  will  be  considered  in  an\-  revision  thev  ma\'  make  in  the  future  i^f 
their  Specification.  The  Standard  Xotation  for  calculations  for  reinforced 
concrete  which  was  drafted  by  the  Science  Committee  and  approved  bv  the 
Council  continues  to  meet  with  favour,  and  has  been  adopted  bv  the  Joint 
Committee  on  Reinforced  Concrete  appcMiited  bv  the  Roval  Institute  of  British 
Architects  in  their  Second  Report,  and  b\  the  London  County  Council  in  their 
proposed  regulations  covering  the  erection  of  buildings  of  reinforced  concrete 
in  London.  Authors  of  textbooks  have  also  employed  it,  and  the  American 
Joint  Committee  on  Concrete  and  Reinforced  Concrete  have  informed  the 
Science  Committee  that  they  have  the  Xotation  under  consideration  w  ith  a  \iew 
to  its  adoption  m  any  further  report  they  ma}-  make.  Professor  Henrv  Adams 
and  Mr.  E.  F.  Etchells  were  appointed  Chairman  and  Mce-Chairman 
respectively  of  the  Science  Standing  Committee  in  June.  Mr.  F.  I-"..  Wentworth- 
Sheilds  having  resigned  as  Hon.  Secretary  of  the  Committee,  Mr.  H.  K.  G. 
Bamber  was  appointed  in  his  stead.  The  Committee  have  the  following  matters 
under  consideration  :  — 

(i)  Reinforced  concrete  piles. 

(2)  A  chemical   test  for  steel  used  in  reinforced  concrete. 

(3)  The  standardisation  of  attachments  or  joints  in  reinforced  concrete. 

(4)  The  adhesion  of  or  friction  between  concrete  and  steel. 
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(5)  A  standard  notation   for  calculations   in  structural  engineering  geiurajiy. 

(6)  A  standard  specification  for  reinforced  concrete  work. 

(7)  The  effect  of  sewage  on  concrete. 

(8)  The  effect  of  oils  and  fats  on  concrete. 

The  Science  Committee  appointed  the  following-  as  representatives  of  llie 
Institute  upon  the  Joint  Committee  on  Loads  on  Hig-hway  Bridges  which  is 
conducted  b\-  the  Concrete  Institute  :  Professor  Henry  Adams,  Mr.  William 
Uunn,  Mr.  Charles  F.  Marsh,  and  Mr.  C.  S.  Meik.  The  other  members  are 
as  follows  :  — 

John  A.  Brodie,  M.Eng.,  Wh.Sc,  .M.Inst.C.E.  |  Representing  the  Institution 

A.  E.  Collins,  .M.Inst.C.E.  -  of  Municipal  and 

J.   W.  Cockrill,   M.Inst.C.E.  )  County  Engineers. 

A.  E.   Prescott,  MR. San. I.  .,.,,,,    t^       )  Representing  the  Institution 

Henry  C.  Adams,  Assoc. M.Inst.C.E.,  A.M.l.Mech.E.,    ,  .^^  Municipal 

A.M.I.E.E.  Engineers. 

H.  C.  H.  Shenton,  M.R.San. I.  )        '' 

The  Joint  Committee  have  had  one  meeting"  and  have  issued  inquiry  forms  to 
municipal  autliorities  and  others  soliciting  information  respecting  the  \ehicles 
that  have  to  be  sustained  in  various  parts  of  the  country  as  a  preliminary  to 
drafting  recommendations. 

The  Tests  Standing  Committee  have  issued  reports  on  "  The  Testing  of 
Concrete,  Reinforced  Concrete,  and  Materials  Elmployed  Therein  "  and  "  The 
Testing-  of  Reinforced  Concrete  Structures  on  Completion."  These  have  been 
discussed  at  ordinary  general  meetings  of  the  Institute.  The  Committee  ha\e 
the  following  matters  under  consideration  :■ — 

(i)  The  effect  U]K)n  steel  of  the  presence  of  >ulphur  in  aggregates. 

(2)  The  grading  of  aggregates. 

(3)  The    expansion   and   deterioration   of  concrete   due    to   changes   of   atm()s])heric 

temperature. 
(^)  The  effect  of  the  use  of  sodium  silicate  on  the  surface  of  concrete  as  affecting 

reinforcing  metal. 
(5)  The  erratic  results  obtained  by  the  Vicat  needle  in  ascertaining  the  initial  set 

of  cement. 

The  Reinforced  Concrete  Practice  Standing  Committee  have  drafted  reports 
on  the  subject  of  "The  Standardisation  of  Drawings  for  Reinforced  Concrete 
Work"  and  "  The  Consistency  of  Concrete,"  which  have  been  discussed  at 
ordinary  general  meetings  of  the  Institute.  The  Committee  have  also  had 
under  consideration  a  reference  of  the  Council  for  a  report  as  to  clauses  in 
contracts  for  reinforced  concrete  work,  but  the  Committee  recommended  the 
Council  that  they  were  of  opinion  that  the  formulation  of  clauses  in  contracts 
was  a  legal  matter,  and  the  Committee  did  not  feel  they  were  caipable  of 
formulating  such  clauses.      The  Committee  are  still  investigating  : — 

(i)  Methods  of  treating  the  surface  of  concrete. 

(2)  Cracks  due  to  the  expansion  and  contraction  of  reinforced  concrete. 

APPENDIX. 
TIic   folIozL'iiig  is  0)1   Abstract   of   Report   of  the    Co>nni!llee   appointed   to   co)isiJer   the 

widened  scope  of  ihc   Institute,   a)id  wJiicli  it'dv   presented   as   an   Appoidix   to   the 

A)inual  Report : — 

On  October  26th,  191  i,  a  proposal  for  extending  the  scope  of  tlie  Institute 
was  considered  by  the  Council. 

After  considerable  discussion   it  was  imanimously  resoi\  cd  that  :  — - 
"  The  Council  do  approve  in  principle  the  proposal  for  enlarging  the  scope 
of  the  Institute. " 
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It  was  also  unanimously  resolved  thai  a  Committee  be  appointed  :  — 

(a)  To  consider  how  the  above  resolution  could  best  be  carried  out. 

(/')   To  take  energetic  steps  to  develop  the  Structural   PZng-ineering  side  of 

the  widened  scope. 
The  Committee  of   ten  members  of   the  Council  was  elected,   and   Mr.    E. 
Fiander  Etchells  was  appointed  Chairman. 

At  a  series  of  meeting-s  it  was  resolved  that  : — 

Scope.— (a)  Clause  3  (i)  of  the  present  rules  does  not  limit  the  scope  of 
the  Institute  to  concrete  and  reinforced  concrete,  but  that  the  clause  enables  the 
Institute  to  deal  with  iron  (including  steel),  bricks,  gravel,  sand,  cements,  and 
other  structural  materials  and  their  application. 

Definitions. — (h)  For  the  purposes  of  the  Institute,  Structural  Engineering 
be  defined  as  that  branch  of  Engineering  which  deals  w  ith  the  scientific  design, 
the  construction,  and  the  erection  of  structures  of  all  kinds  in  any  material. 

(c)  Structures  mav  be  defined  as  those  constructions  which  are  subject 
principally  to  the  laws  of  Statics,  as  opposed  to  those  constructions  which  are 
subject  principally  to  the  laws  of  Dynamics  and  Kinematics,  such  as  engines 
and  machines. 

Title. — [d)    After     very     long    discussion,     the    Committee    came     to    the 
unanimous  decision  that  the  term  "  The  Concrete  Institute  "  should  remain  in 
the  title,  and  that  it  shtjuld  ha^"e  the  first  place  in  the  title,   and  that  a  sub-title 
should  be  added,  so  that  the  full  title  and  sub-title  should  be — 
THE    CONCRETE    INSTITUTE. 
An  Institution  for  Structural  Engineers,  Architects,  etc. — 
and     that     such     description     should     be     added     to     all     documents     wherever 
practicable. 

Lectures  inni  Exaiuiiuitioiis. — {e)  An  annual  course  of  technical  lectures 
on  some  branch  of  Structural  Engineering  be  instituted. 

(/)  Examinations  in  Structural  Engineering  be  held  by  the  Institute  once 
a  year,  to  test  the  scientific  or  technical  attainments  of  applicants  for 
studentship. 

Subscriptions. — (g)  An  entrance  fee  of  one  guinea  be  required  when  the 
membership  reaches  one  thousand. 

1  ransactions." — (/;)   "Transactions'"   should  be  issued  quarterly. 
(/)   Members   should  be   requested   to   return   the   reports   of   discussions   at 
meetings  not  later  than  seven  days  after  receipt  and  that  the  following  circular 
letter  be  sent  to  speakers  :  — 

"  In  order  to  facilitate  publication  cjf  the  "  Transactions,'  early  return 
.  of  the  enclosed  report  of  your  contribution  to  the  discussion  of  the  above- 
mentioned    paper    is    requested.      The    Council    have    directed    that    reports 
which  are  not  returned  to,  the  Institute  within  one  week  shall  be  published 
in  the  form  shown." 

(/)  Members  be  hereby  in\ited  to  submit  a  note  as  to  suggested  papers 
covering  all  branches  of  structural  engineering. 

(k)   Xew  books  received  should  be  reviewed  in  the  "  Transactions." 
{/)  A  referendum  be  employed  to  ascertain  the  wi-shes  of  the  members  as 
to:— 

1.  The  most  con\  enient  meeting-place. 

2.  The  most  suitable  hour  of   meeting. 
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((?;)  I'lu'  lime  is  iiol  \v\  ripe  for  ;in\-  (h.inj^c  of  rules,  luil  lliiit  llic  sugyt-s- 
tions  in  this  report  sliouUi  he  worked  U]3oii  Icjr  Iwehc  months  ;is  ;i  Iri.ih 

The  Committee  desire  to  state  that  \ahiahk'  iiiionnalinn  has  heen  collecled 
in  connection  witli  the  rexision  of  rules,  and  this  information  w  iU  l)c  liled  h)r 
future  reference,  and  is  to  some  extent  emhcKJied  in  liie  minutes  ol  the  Com- 
mittee's proceecUnj^s. 

DISCUSSION    ON    THE    REPORT. 

The  Chairman  iSir  Henry  Tanner,  C.B.,  F.R.I. B.A.J,  afier  niii\iii|^  ih<-  adojjtion 
of  the  Report,  surxcxcd  llie  present  position  of  the  Instiiute  as  to  its  mcnihcrshi])  and 
finance. 

With  rctiard  to  tlie  London  County  Council  Regulations  that  had  occupied  a  lot 
of  time  of  most  of  tlie  nuMnbers  of  the  (\)uncils  and  the  Sub-Committees,  he  thou<^ht 
they  had  done  very  good  service  in  wiiat  had  been  sent  to  the  Local  Government 
Board. 

As  to  the  scope  of  the  Insititute  it  might  be  thought  that  the  Report  of  that 
Committee  did  not  go  very  far;  still,  it  had  to  be  made  quietly  to  see  how  things 
worked,  and  they  hoped  they  were  going  in  the  right  direction  to  make  the  Institute 
of  more   extended  interest  to  people,   and  therefore   to  increase  the  membership. 

Regarding  the  Library,  they  had  got  scarcely  any  books,  but  they  wished  .as  many 
members  ais  possible  would  make  gifts  of  books.  There  were  probabh-  many  members 
w  ho  would  be  very  anxious  to  do  that  if  they  only  knew  what  was  wanted. 

The  Science  Standing  Committee,  the  Tests  Standing  Committee,  and  the  Rein, 
forced  Concrete  Committee  had  all  been  to  work,  and  the  Report  showed  all  that 
they  had  had  to  do  during  last  session,  and  the  Institute  ought  to  be  very  thankful 
to  these  Committees  for  giving  so  much  time  and  attention  to  the  business. 

The  Lectures  had  been  dropped  this  time,  but  it  was  one  of  the  proposals  of  the 
Committee  on  the  sco|)e  of  th(>  Institute  that  th('S(^  should  be  commenced  again  next 
session. 

Mr.  Bdwin  O.  Sacbs,  F  R.S.Ed.,  V.P.C.I.,  in  seconding  the  Report,  said 
that  it  contained  much  that  would  be  of  interest  to  the  majority  of  members  who 
were  far  away,  and  he  trusted  they  would  read  the  report  carefully. 

He  wished  to  call  attention  to  the  fact  that  they  were  losing  their  President,  Sir 
Henry  Tanner,  and  this,  they  would  all  agree,  was  a  very  great  loss.  .Sir  Henry 
Tanner  had  steered  the  Institute  through  two  years  of  very  critical  times.  To  put  it 
quite  plainly.  Sir  Henry  Tanner,  he  thought,  had  held  the  Insititute  together.  When 
he  started  his  presidency  it  was  only  about  three  j'ears  old.  It  was  a  very  young  child, 
but  was  somewhat  of  a  handful.  It  seemed  to  have  all  the  ailments  that  children  arc- 
apt  to  get.  But  Sir  Henry  Tanner  acted  as  nurse  and  doctor  in  one,  and  it  grew  to  be 
robust,  if  not  larger  in  size,  under  his  treatment.  Latterly  the  Institute  had  also  made 
a  fresh  spurt  at  growing,  and  thus,  when  Sir  Henry  Tanner  left  the  Chair,  it  would 
fall  to  our  friend,  Mr.  Wells,  to  see  that  this  was  no  mere  spurt,  but  a  regular  and 
healthy    growth. 

It  should  be  pointed  out  very  plainly  to  what  a  very  great  extent  they  were 
indebted  to  Sir  Henry  Tanner  for  having  guided  them,  and  he  would  take  the  oppor- 
tunity of  emphasising  that  point  at  this  meeting,  as  he  understood  any  remarks  on  the 
Report  appear  in  the  "  Transactions,"  and  our  many  members  who  were  away  from 
here  will  thus  be  informed  of  the  \iews  of  the  meeting  of  the  great  services  rendered 
bv  the  retiring  President. 

He  had  verv  much  jileasure  in  seconding  the  adoption  of  the   Report. 

Mr.  Lucien  Serraillier.^Wv  did  not  think  it  desirable  to  ask  the  assistance  of 
members  in  canvassing  for  advertisements  in  the  "  Transactions  "  and  thought  the 
[paragraph  regarding  this  should  be  left  out  of  the  rejiort. 

The  Chairman  asked  if  anybody  seconded  this  pro])ositi()n,  .and,  after  a  |j;iuse, 
said  there  w.as  no  seconder. 

Mr.  H.  Percy  Boulnols,  M.Inst.C.E.,  V. P.C.I. ,  said  he  would  like  to  supjKirt 
the  adoption  of  this  Keport  and  to  congratulate  the  Council  upon  the  work  which  they 
had  done,      \^'ith   regard    to   the  proposed   lectures,   he   took    it   that   the  lectures   were 
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paid  for  and  that  the  students  attending  paid  a  fee.  That  was  not  stated  in  the  Report, 
and  young  men  might  ask  him,  and  he  should  not  be  able  to  tell  them  anything  about 
it. 

With  regard  to  the  "  Transactions  "  being  issued  quarterly,  that  would,  he 
thought,  be  very  expensive,  because  he  noticed  now  that  the  "  Transactions  "  and  other 
printing  had  cost  £22%,  and  unless  they  got  the  advertisements  thev  would  make  a 
very  heavy  loss. 

The  work  that  this  Council  had  been  doing  was  extraordinary  in  the  way  of 
investigation,  and  the  list  of  things  they  had  either  considered  or  were  about  to 
consider  almost  appalled  him,  because  he  had  been  elected  on  the  Council,  and  if  he 
were  to  take  part  in  this  gigantic  work  he  really  trembled  to  think  what  the  conse- 
quence might  be.  There  was  a  list  of  seven  matters  which  they  were  going  to 
consider,  from  reinforced  concrete  piles  down  to  the  effect  of  oils  and  fats  on  concrete. 
On  page  9  they  had  goit  the  effect  upon  steel  of  the  presence  of  sulphur  in  laggregates, 
and  four  other  matters,  winding  up  with  the  erratic  results  obtained  bv  the  Vicat 
needle  in  ascertaining  the  initial  set  of  cement,  and  the  methods  of  treating  the  surface 
of  concrete  and  cracks  due  to  expansion  and  contraction  of  reinforced  concrete.  All 
that  was  a  terrific  programme,  and  he  ohly  hoped  they  would  be  able  to  get  through 
one-tenth  of  it. 

He  would  like  to  suggest  another  investigation,  and  that  was  when  they  heard  of 
failures  in  concrete  that  a  Committee  should  thoroughly  investigate  the  reason  of  those 
failures.  Fortunately  they  had  not  heard  of  so  many  lately,  and  they  were  mostly 
exaggerated  ;  but  something  should  be  done  that  when  they  did  hear  of  anv  failure  in 
reinforced  concrete  they  should  thoroughly  investigate  if  and  see  if  it  was  due  to  the 
reinforcement  of  the  concrete,  or  to  some  other  cause. 

Mr.  W.  G.  Kirkaldy,  Assoc. M.Inst.C.B.,  in  supporting  the  Report,  suggested 
that  in  the  "  Transactions  "  the  advertisements,  if  obtained,  be  not  embodied  in  the 
pages  of  the  ordinary  matter,  but  kept  at  either  end. 

Mr.  F.  B.  Wentworth-Sheilds.  M.Inst.C.E.—  He  was  very  pleased  to  see  that 
the  Committee  who  had  in  charge  the  suggestions  for  widening  the  scope  of  the 
Institution  had  suggested  as  a  sub-title  "  .\n  Institution  for  Structural  Engineers, 
Architects,  etc."  He  was  very  delighted  to  see  that  "  etc.,"  because  there  was  a  little 
tendency  at  one  time  for  their  Improvement  Committee  to  rule  out  anybody  excepting 
engineers  and  architects,  and  he  thought  it  was  the  sitrength  of  this  Institute  that  thev 
had  been  able  to  combine  so  admirably  the  brains  and  the  work  and  the  good  fellow- 
ship of  so  many  different  men,  representing  the  building  trade  and  profession  in  all 
sorts  of  different  ways. 

About  advertisements,  he  sympathised  with  Mr.  Serraillier's  idea.  It  was  not  very 
nice  to  have  to  advertise,  but,  on  the  other  hand,  it  seemed  that  they  must  face  the 
problem  in  this  way.  They  had  a  gre«t  deal  of  expense,  and  not  enough  money  coming 
in  for  that  expense.  Well,  surely  it  was  better  to  ask  for  advertisements,  and  to  put 
advertisements  at  one  end  or  the  other,  or  both,  of  their  Journal,  rather  than  raise 
the  subscription  and  so  make  it  more  difficult  for  members  who  would  like  to  join 
the  Institute  and  get  its  advantages  to  come  in  and  join  their  ranks. 

The  Chairman.  —  There  were  not  many  points  which  he  had  to  answer.  The 
principal  one  was  the  observations  of  Mr.  Sachs,  in  which  he  used  such  flattering 
words  in  regard  to  himself.  He  was  not  aware  that  he  had  done  so  much  as 
Mr.  Sachs  said.  Of  course,  he  had  had  the  interest  of  the  Institute  at  heart  and  had 
done  what  he  could  for  it  and  to  help  everybody  along;  but  then,  probably  everyone 
■would  have  done  the  same.  They  all  worked  together,  and  it  so  happened  that  it  had 
come  round  all  right  so  far.     However,  he  was  very  much  obliged  to  Mr.  Sachs. 

Regarding  the  advertisemei^ts,  they  wanted  these,  and  would  put  them  at  both 
ends  of  the  book.  The  Institute  of  British  Architects  did  it,  and  the  Association  also, 
so  that  there  was  no  harm  in  their  doing  it  also. 

With  regard  to  the  question  about  the  lectures,  they  had  only  one  course  of 
lectures,  and  they  neither  paid  the  lecturer  nor  did  the  students  pay  a  fee.  He  did  not 
see  why  they  should  not,  and  also  why  the  lecturer  should  not  have  something  for  his 
trouble.  Anybody  who  wanted  lectures  by  way  of  instruction  ought  to  pay  something 
for  them.  That  is  a  matter  which  the  Council  would  have  to  consider  before  they 
issued  the  particulars. 
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As  lu  lliL'  prinlinj^  of  Uie  quarlLTly  issue,  tlicv  found  last  year  there  were  a  ij;ood 
many  com])laints  as  to  the  irregularity  of  the  publishing  of  the  "  Transactions."  They 
got  rather  out  of  date,  and  people  forgot  all  about  thom,  and  they  were  not  of  so- 
much  service;  so  it  was  settled,  under  this  new  Committee,  to  issue  them  quarterly. 
The  size  had  been  cut  down  and  the  type  altered.  They  were  quite  adequate  for  the 
purpose,  and  it  was  also  proposed  still  further  to  reduce  the  expense  by  sub-editing 
some  part  of  what  appeared  there  in  the  future — that  is  to  say,  they  were  not  going 
to  put  everything  in  full,  but  were  going  to  leave  out  some  of  the  particulars. 

The  subject  referred  to  by  Mr.  Boulnois  should  be  examined  into — the  failures, 
and  so  on.  Of  course,  everybody  wished  to  do  that,  but  it  was  not  so  easy  to  do  it. 
Vou  cannot  publish  those  things,  sometimes,  without  interfering  with  people's  feelings. 

The  ClniiiDuui   then   read  llir   Report   t>f  I  he  Scrutineers  u)i   llie   (oiDieil's  ehwtioii^ 

PRESENTATION    OF    MEDAL    TO    PROFESSOR    BERESFORD    PITE,    F.R.I. B.A. 

The  Chairman. —  I'he  next  business  was  to  |jresent  the  meilal  to  Professor 
Beresford  Pite ;  and  in  presenting  that  to  him  for  his  paper  on  "The  Aesthetic 
Treatment  of  Concrete,"  which  the  Council  had  awarded,  he  would  like  to  say  that  it 
v^^as  a  most  interesting  contribution  to  the  literature  of  the  subject  treated,  and  it 
gave  rise  to  some  little  discussion,  although  that  w-as  very  limited  in  extent.  The 
architects  did  not  turn  up,  as  they  had  hoped,  to  take  a  considerable  jjart  in  it. 

He  was  glad  that  Professor  Beresford  Pite  did  not  altogether  object  to  wiiat  had 
been  done  and  advocate  something  entirely  new,  because  they  should  have  got  into  a 
great  deal  of  trouble.  But  he  did  not  do  that ;  he  said  they  ought  to  start  from  the 
existing  style  of  architecture,  and  that  seemed  really  to  be  the  most  satisfactory  way 
of  meeting  this  difficulty,  because  it  was  a  real  difficulty.  Nobody  had  developed 
anything  yet  which  when  new  was  satisfactory,  or,  perhaps,  when  it  was  old  it  was 
rather  better,  but  still  not  what  might  be  expected  from  the  treatment  of  reinforced 
concrete.  However,  there  was  no  doubt  that  something  would  develop  shortly,  and 
the  Professor  had  given  them  a  start  in  that  direction.  Perhaps  the  Royal  Institute 
might  develop  a  discussion  itself,  and  so  make  some  greater  effort  than  had  been  done 
hitherto.  He  would  ask  the  Professor's  acceptance  of  this  small  memento  of  their 
regard  for  him  and   his  lecture. 

The  Chairman  then  handed  Professor  Beresford  Pite  tlie  Bronze  Medal  of  the 
hiAitute  for  the  best  paper  read  in  the  igio-igii  Session. 

Professor  Beresford  Pite,  F.R.I.B.A..  after  thanking  the  Council  of  the 
Institute  most  sincerely  for  the  honour  they  had  conferred  upon  him  bv  bestowing  this 
medal  for  the  paper,  said  the  subject  of  his  paper  was  an  aspect  of  work  in  concrete 
that  had  not  yet  captured  the  imagination  of  members  of  this  Institute  as  he  hoped 
it  would  in  the  future,  as  one  could  not  but  be  sure  that  if  the  apparent  fog  that  hung 
over  progress  in  the  architectural  aspects  of  concrete  construction  were  dispelled  by  a 
little  clear  light  there  ought  to  be  a  considerable  acquisition  of  width  and  breadth  to 
the  operations  of  this  Institute.  So  long  as  this  subject  remained  unexplored  and 
unexperimented  with,  so  long  would  this  Institute  be  looked  upon  as  merely  a  body 
concerned  with  certain  aspects  of  building,  and  concerned  with  certain  aspects  of 
building  only,  and  concrete  construction,  especially  in  its  more  prominent  methods  now\ 
would  be  relegated  to  the  larger,  coarser,  and  greater  class  of  building,  when  it  might, 
if  there  were  interest  and  enthusiasm  and  hope  and  light,  be  used  for  more  monu- 
mental, inore  decorative,  and  more  homely,  and  therefore  much  w'ider  purposes. 

It  seemed  to  him  that  since  it  was  recognised  that  there  was  a  field  for  experiment, 
a  field  for  movement,  a  field  for  intellectual  thought,  a  field  which  connected  a  decent 
contract  in  concrete  with  an  ordinary  and  regular  course  of  architectural  study  and 
aesthetic  consideration,  then  there  would  be  the  widened  scope  which  their  Special 
Committee  so  hoped  for  and  which  they  had  in  a  wav  suggested  bv  adding  the  word 
"  Architects  "  to  the  title  of  the  Institute.  That  widened  scope  w'ould  come,  and  a 
very  broad  and  very  large,  and  he  would  like  to  say  very  popular,  appreciation  of 
the  possibilities  of  concrete,  because  the  popular  aspect  of  this  subject  was,  of  course, 
one  closely  allied  to  the  commercial  one.  The  commercial  aspect  and  the  popular 
aspect  ought  to  make  this  Institute  a  very  wide  and  a  very  important  public  body. 

He  would  only  like  to  make  one  suggestion  with  regard  to  this,  which  was  a 
practical  suggestion,  and  one  not  at  all  inappropriate,  connected  with  the  honour  that 
thev  had  ventured  most  courageoush'  to  bestow  upon  an   uiiw()rth\'  person  to-day,  and 
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that  suggestion  was  that  this  subject  .should  not  be  dropped,  that  the  attention  of 
architectural  students  and  designers  should  be  drawn  to  it.  The  Chairman  had 
indicated  that  the  Institute  of  British  Architects  did  not  pay  much  attention  to  it,  and 
he  was  perfectly  right.  If  he  had  said  bluntly  that  they  were  prejudiced  with  regard 
to  the  whole  subject  of  concrete  he  would  only  have  spoken  what  he  felt  and  what 
with  some  delicacy  we  know  he  hesitated  to  express.  The  best  way  to  disperse  that 
prejudice  would  be  to  show  what  great  and  good  designs  could  be  perhaps  imagined, 
because  every  castle  had  to  be  built  in  the  air  before  it  could  be  built  on  the  earth 
bv  voung  and  enterprising  designers,  and  the  institution  by  this  Institute  of  an 
annual  competition  in  designs  w'ould,  he  thought,  attract,  at  all  events,  a  certain 
number  of  responses  ;  but  he  was  sure  it  would  attract  a  few  intellectual  and  careful 
thinkers  on  the  subject  of  aesthetics.  Those  students  who  had  little  else  to  think  about 
in  their  youth  but  the  charm  of  design  would  turn  with  interest  to  such  a  competition  ; 
and  if  the  medal  which  they  had  now  created  and  which  was  such  an  artistic  object 
were  bestowed  with  such  monetary  attraction  as  either  a  special  fund  or  some  contri- 
bution from  the  Institute  as  it  might  be  able  to  afford  annually  for  a  design,  the 
subject  of  any  design  to  deal  with  the  simply  architectural  aspects,  elevation,  and 
details  suitable  for  application  to  or  distribution  in  reinforced  concrete  with,  if 
necessary,  any  descriptive  theory  as  to  the  method  of  design,  he  thought,  without 
expecting  too  much  in  the  way  of  hard  labour  from  the  competitor,  the  Institute  would 
be  put  into  possession  annually  of  a  large  number  of  interesting  artistic  essays — i.e., 
artistic  inventions,  artistic  designs,  and  would  attract  to  itself  the  attention  of 
students;  attract  them  to  its  meetings  and,  having  got  them,  no  doubt  they  would  be 
as  beneficial  to  the  publication  as  the  advertisements  with  their  illustrations  at  the  end. 
Personallv,  he  alwavs  looked  upon  those  advertisements  with  a  great  deal  of 
interest  when  they  dealt  with  technical  and  practical  subjects.  The  illustrations  of 
deviations  in  reinforced  concrete  design  would  have  a  most  important  influence  upon 
the  whole  subject.  Anvone  who  took  up  the  "  Transactions  "  will  say  that  was  a  live 
aspect  of  the  question  ;  they  would  attract  those  of  the  general  public  who  were  very 
widelv  interested  in  the  outward  aspects  of  the  buildings,  and  they  would  also  attract 
the  attention  of  art  critics  and  others  who  certainly  should  be  made  conscious  of  the 
fact  that  a  new  and  effective  building  material  had  come  into  practical  use,  and  the 
world  would  move,  as  it  always  had  moved  in  these  artistic  matters,  slowly  but  with 
interest  and  life  and  with  enthusiasm. 

NEW    PRESIDENT. 

The  Chairman.  — The  next  business  was  for  him  to  vacate  this  chair  and  to  put 
Mr.  \\'ells  into  it.  In  Mr.  Wells  he  was  sure  they  would  have  a  President  quite  suitable 
to  the  Institute,  not  an  amateur — one  who  was  thoroughly  acquainted  with  the  business 
or  with  the  profession  of  a  designer  in  reinforced  concrete,  and  he  was  sure  Mr.  Wells 
would  make  them  a  most  excellent"  President,  and  he  felt  great  confidence  that  the 
Institute  would  certainly  advance  under  his  guidance.  He,  therefore,  would  make 
way  for  Mr.  Wells  and  uish  him  the  best  possible  luck  during  his  two  years  of  office. 

Mr.  E.  P.  Wells,  J. P.,  accordingly  took  the  chair,  and  said  he  wished  to  thank 
Sir  Henry  Tanner  for  the  very  kind  words  that  he  had  said,  and  for  the  manner  in 
which  they  had  received  the  same.  He  did  not  intend  to  make  any  remarks,  but  to 
say  that  during  his  term  of  office  as  President  he  trusted  that  in  all  his  dealings  with 
every  member  he  should  be  thorough! v  impartial,  and  he  would  do  his  best  for  the 
interests  of  the  Institute. 

VOTE  OF  THANKS  TO  SIR  HENRY  TANNER. 

Mr.  A.  Alban  H.  Scott,  M.S. A.,  proposed  a  very  hearty  vote  of  thanks  to. 
Sir  Henry  Tanner  for  taking  the  President's  position  for  the  last  two  years.  Mr. 
Sachs  had  already  practically  said  everything  which  should  be  said  on  an  occasion 
like  this.  They  would  never  get  another  President  to  take  up  such  energetic  work 
on  behalf  of  this  Institute  as  Sir  Henry  Tanner.  He  had  given  up  an  immense  amount 
of  time,  and  the  courtesy  which  he  had  shown  to  every  one  with  whom  he  had  come 
into  contact  would  also  never  be  exceeded.  He  was  sure  that  Mr.  W'ells  would  not 
take  it  that  he  would  not  give  up  as  much  time  in  one  way,  but  Sir  Henry  had  always 
been  on  the  spot  when  he  had  been  required,  and  if  Mr.  W'ells  was  so  fortunate  as 
to  be  able  to  do  that  it  would  be  rather  a  good  thing.  He  had  very  great  pleasure 
in  proposing  a  most  hearty  vote  of  thanks  to  Sir  Henry  Tanner. 
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Mr.  T.  C.  Dawson,  in  sc'Condini4  ^'f.  Scott's  proposal,  said  that  the  Institute 
and  all  the  members  were  \(ry  much  indebted  to  the  labours  of  Sir  Henry  Tanner, 
who  had  thrown  his  whole  heart  into  it  durinj:*  the  last  two  years.  As  Mr.  Sachs  has 
said,  he  had  steered  them  throuf*h  rather  critical  times  and  worked  exceedinf*ly  hard. 
There  were  not  many  institutions  so  fortunate  as  to  have  President>  who  had  i^ixcn 
so  much  energy  to  their  work.  He  was  only  too  glad  to  know  that  ihcx  would  lia\e 
his  hearty  co-operation  afterwards,  although  not  in  the  chair. 

The  Chairman  (Mr.  E.  P.  Wells)  then  j)ut  it  to  the  meeting  that  a  most  heartv 
vote  of  thanks  be  accorded  to  .Sir  Henry  Tanner  for  occupying  the  chair  for  the  last 
two  years  as  President.  He  would  put  that  to  the  meeting,  and  he  was  sure  everyone 
would  join  in  it  witli  acclamation.     (Applause.) 

The  resolution  was  imanimously  adopted. 

Sir  Henry  Tanner,  in  replying,  said  he  had  great  pleasure  in  listening  to  what 
they  had  said,  and  he  thanlvcd  them  extremely  for  the  vote  of  thanks  which  thev  had 
given  him  for  what  he  had  done  during  the  past  two  years.  He  could  only  say  that 
it  had  given  him  very  great  pleasure  to  attend  these  meetings,  and  the  meetings  of 
the  Council.  He  had  made  many  friends  there,  and  he  hoped  to  continue  to  do  so 
in  a  similar  way.  He  would  not  care  to  continue  as  Chairman  of  any  institute  for 
verv  long;  it  was  not  quite  suitable  to  him,  and  there  were  many  who  were  much 
more  gifted  in  the  way  of  being  Chairman  and  President.  He  thought  they  had  got 
one  for  the  purpose  better  than  he  had  been  hitherto.  At  the  same  time  they  had  got 
their  business  through,  and  had  arrived  at  a  point  which  was  certainly  not  backward 
from  what  it  was  two  years  ago,  and  for  that  he  had  to  thank  the  members  of  the 
Council  and  the  Secretary  and  all  concerned. 

The  meeting  then  terminated. 


THE   SECOND    ANNUAL    DINNER. 

The  Second  Annual  Dinner  of  the  Concrete  Institute  took  place  on  May  9th, 
in  the  Empire  Hall  at  the  Trocadcro  Restaurant,  Piccadilly  Circus,  \\'.,  Mr. 
E.  P.  Wells,  J. P.,  President,  in  the  chair. 

Among-  those  present  were  Mr.  W.  E.  Riley,  R.B.A.,  F.R.I.B.A., 
M.Inst.C.E.,  Superintending-  .Architect  of  Metropolitan  Building-s  and  Architect 
of  the  London  Countv  Council;  Mr.  R.  Elliott-Cooper,  M.Inst.C.E.,  President- 
Elect  Institution  of  Civil  Eng^ineers ;  Mr.  H.  Percy  Boulnois,  M.Inst.C.E., 
\'.P.  Concrete  Institute,  Chairman  of  the  Council  of  the  Royal  Sanitary 
Institute;  Mr.  V..  A.  Stickland,  President  of  the  Institution  of  Municipal 
Eng^ineers,  Boroug-h  Surveyor,  Windsor;  Mr.  John  Murray,  F.R.I.B..A.,  Crown 
Surveyor;  Sir  W.  Alfred  Gelder,  M.P.,  F.R.I.B.A.  ;  Sir  Henry  Tanner,  C.B., 
I.S.O.,  E.  R.  I.B..A. ,  Past  President  of  the  Concrete  Institute,  Principal  Archi- 
tect to  H.M.  Office  of  Works;  Mr.  E.  E.  Wentworth  Sheilds,  M.Inst.C.E., 
\.V.  Concrete  Institute,  Dock  Eng^ineer  of  the  L.  &-  S.W'.  Railway;  Captain 
.\.  Boyd  Carpenter,  Ex-Mayor  of  Harrog'atc  ;  Professor  J.  H.  Cormack,  B.Sc, 
-Assoc.M.Inst.C.  E. ,  Professor  of  Mechanical  Eng-ineering-,  Universitv  Colleg-e, 
London;  Mr.  H.  H.  Dalrvmple  Ha\-,  M.Inst.C.E.,  Chief  Coiistruction  Engineer 
I'nderground  Railways,  London;  Mr.  C.  R.  S.  Kirkpatrick,  M.Inst.C.E.,  Chief 
Assistant  Eng-inecr,  Port  of  London;  Mr.  W.  J.  Downer,  I.S.O.,  J. P.,  Assistant 
Secretary  of  H.M.  Office  of  Works;  Lt.-Colonel  G.   E.  Holman. 

Mr.  W.  E.  Riley,  in  proposing  the  toast  of  "  The  Concrete  Institute,"  con- 
gratulated the  Institute  upon  the  great  success  which  had  been  achieved  alreadv. 
Pioneer  work  was  generally  a  very  thankless  task.  He  suggested  that  those  who 
had  inaugurated  the  Institute  had  very  far-reaching  thought  because  whether  thev  liked 
it  or  not  concrete  and  reinforced  concrete  generally  had  come  to  stav.  Those  who  had 
been  through  an  architectural  training  understood  the  problems  he  meant,  but  he 
believed  that  the  man  who  was  going  to  make  a  mark  in  life  was  the  man  who  would 
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bhuw  adaptability  and  commercial  interest.  The  Institute  was  the  absolute  embodi- 
ment of  that  idea.  He  had  heard  men  say  they  were  sorry  that  someone  had  dis- 
covered that  the  putting  of  steel  down  concrete  made  it  strong;  the  commercial  world 
was  not  sorry  for  that,  it  was  going  to  be  glad.  He  had  always  felt  it  his  duty  to 
make  rigid  laws  elastic  by  administering  them  with  benevolence,  and  he  reminded 
those  present  that  the  aims  of  concrete  experts  had  been  greatly  aided  bv  three  or 
four  changes  in  the  law  which,  though  based  on  rigid  principles,  would  be  found  to 
be  more  elastic  in  application  than  might  be  thought,  and  which  encouraged  the 
application  of  new  materials.  He  had  recently  been  at  the  Architectural  Congress  at 
Rome,  and  he  was  glad  to  see  that  a  good  deal  of  time  and  consideration  was  given 
to  the  question  of  the  design  of  reinforced  concrete,  though  the  conclusion  there  was 
no  one  knew  how  to  treat  it.  Some  thought  it  papery,  thin  and  expressionless,  etc., 
but  the  right  thing  would  evolve.  He  thought  the  aims  of  the  Concrete  Institute 
would  result  in  obtaining  proper  and  artistic  expression  bv  those  who  were  trving  to 
interpret  building  materials. 

He  felt  somewhat  diffident  in  speaking  to  an  Institute  like  this  about  regulations, 
but  the  onerous  duty  had  been  thrown  upon  him  of  trying  to  do  something  to  put  the 
regulations  upon  a  proper  footing.  Nothing  would  be  ideal,  but  the  regulations  should 
be  made  as  ideal  as  could  be.  Any  amount  of  personal  effort  had  been  put  in  to  trv 
and  make  them  so.  It  was  a  very  cheap  thing  to  say  that  he  had  been  saving  two 
and  two  made  four ;  he  knew  he  had  said  that  before  on  several  occasions,  but  he  had 
always  had  to  make  two  and  two  make  four,  although  some  people  tried  to  make  it 
five.  There  was  something  to  be  said  about  the  regulations,  and  that  was  the  onlv 
opportunity  he  had  had  of  saving  it.  Those  in  authority  at  the  London  Countv  Council 
were  deeply  grateful  for  the  enormous  assistance  which  thev  had  had  from  this 
Institute  in  endeavouring  to  pioneer  and  do  something  in  London.  Of  course,  he  was 
not  going  to  say  anything  more  about  the  regulations,  because  thev  were  sub  judice, 
but  he  hoped  that  they  would  soon  appear  and  that  they  should  know  where  they 
were.  They  went  through  every  possible  source  of  information  thev  could  think  of 
and  tried  to  get  the  practice  of  other  countries  to  codifv  them  for  the  benefit  of  all. 

He  congratulated  the  Institute  on  having  an  eighteen-carat  man  as  the  out-going 
President.  He  had  known  Sir  Henry  Tanner  both  officially  and  in  private  life,  and 
the  present  President,  Mr.  E.  P.  Wells,  was  an  old  friend  and  an  old  opponent;  he 
was  an  old  colleague  of  his  at  the  London  County  Council  and  was  appreciated  and 
respected  there.  He  thought  they  had  done  the  right  thing  in  making  Mr.  Wells 
President  of  the  Institute.  He  could  not  help  saying  this  about  the  long-looked-for 
regulations,  that  they  aim  at  trying  to  help  all  thoroughly  and  to  do  what  was  wanted 
— namelv,  to  give  a  filip  and  to  give  the  benefit  of  their  enormous  thought,  experiences, 
and  services  to  those  who  were  willing  and  anxious  to  give  commercial  development 
to  the  concrete  work  which  they  had  been  endeavouring  to  bring  to  fruition.  He  was 
glad  to  have  opportunity  of  thanking  the  Institute  for  the  great  help  they  had  given 
him  personallv  in  endeavouring  to  make  those  regulations  such  that  they  would  be 
workable  and  practicable. 

Mr.  P.  P.  Wells,  J. P.,  President  of  the  Concrete  Institute,  in  thanking  Mr. 
Rilev  for  the  kind  words  he  had  said  on  behalf  of  the  Institute  and  about  himself,  said 
he  also  thanked  him  for  the  extremely  impartial  attitude  that  he  had  taken  all  through 
the  negotiations  that  had  passed  between  him  and  the  Concrete  Institut''  in  regard  to 
the  new  regulations  about  to  be  laid  down  for  reinforced  concrete,  and  also  for  the 
faet  that  everything  that  had  been  done  had  been  carried  out  in  the  best  of  temper. 
He  was  happy  to  say  that  in  every  case  where  suggestions  had  been  made  by  a 
member  of  the  Institute  they  had  been  listened  to,  and  where  they  had  been  perfectly 
just  thev  had  been  accepted  without  a  murmur.  He  trusted  that  in  the  negotiations 
which  were  about  to  be  carried  on  by  the  Local  Government  Board  they  would  be 
carried  on  in  the  same  spirit  as  existed  between  the  Concrete  Institute  and  Mr.  Ri'.ey. 
The  regulations  put  forward  by  the  London  County  Council  had  for  their  primary 
object  the  protection  of  life  and  property.  Personally,  he  would  uphold  those  legula- 
tions  throughout  because  he  felt  convinced  that,  though  they  might  at  the  time  appear 
a  little  hard,  still  they  were  for  the  benefit  of  London  as  a  whole.  If  buildings  can  be 
put  up  which  can  be  made  absolutely  fireproof,  though  it  would  be  more  costly,  still 
it  would  be  cheapest  in  the  long  run  ;  therefore  he  was  of  the  opinion  from  what  he 
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had  seen  and  wlial  lir  had  had  to  do  willi  the  liuildiiiL;  Acts  tlial  llicy  niiiiln  he  madi- 
moro  slrcnuDUs  tlian  at  lliu  present  lime.  He  hoped  that  if  anythinj^  was  dune  in  the 
future  for  their  amendment  that  certain  clauses  would  be  added  so  as  to  place  every- 
thing^ in  such  a  condition  that  no  one  would  be  able  to  aitcT  in  any  shape  or  form,  and 
whenever  they  had  a  building  in  accordance  with  th(!  rej^ulations  they  might  be 
perfectly  certain  thai  if  a  fire  took  place  very  little  damage  would  be  done,  if  anv, 
outside  the  building  where  the  fire  originated.  There  might  be  one  or  two  present 
w'ho  thought  that  the  rc^gulations  were  a  little  hard,  but  he  was  of  opinion  that  when 
the  Act  was  thoroughly  gone  into  and  a]jplied  it  would  be  found  that  they  woidd  be 
beneficial  all  round. 

Next  session  the  Council  of  th?  Concrete  Institute  were  going  to  institute  educa- 
tional lectures  for  the  younger  men,  and  he  trusted  that  they  would  be  attended  not 
only  by  the  \ oiinger  but  also  by  some  of  the  older  ones,  so  as  to  give  every  help  to  the 
lecturer,  fh-  w  is  ha|)|)y  to  say  that  the  total  number  of  members  was  920,  but  hoped 
before  the  end  of  the  year  was  out  that  the  number  would  be  1,000,  and  that  in  the 
next  vear  or  so  they  might  see  the  number  to  2,000. 

Mr.  F.  E.  Wentworth'Sheilds,  Vice-President,  Concrete  Institute,  in  propos- 
ing the  visitors,  said  they  were  able  to  point  with  pardonable  pride  to  their  member- 
ship, which,  although  the  Society  was  so  young,  was  now  getting  nearly  a  thousand 
strong,  and  they  were  able  to  say  that  the  work  which  they  had  done  had  been  useful 
not  only  to  structural  engineers,  but  to  the  world  at  large,  and  particularly  to  the 
citizens  of  London.  They  were  able  to  say  they  had  formed  rules  by  which  the 
regulations  and  the  drawing  of  reinforced  concrete  designs  would  in  future  be 
simplified.  They  were  glad  to  point  to  the  fact  that  they  had  been  able  to  draw  up 
rules  under  which  they  hoped  that  in  future  their  structures  would  not  only  be  strong, 
but  would  last  for  their  generation  and  many  generations  to  come.  They  were  able 
also  to  say  with  satisfaction  that  Parliament  had  entrusted  them  with  the  work  of 
offering  their  criticisms  and  their  suggestions  to  the  rules  which  the  London  County 
Council  had  drawn  up  for  the  guidance  of  builders  in  reinforced  concrete.  Of  the  kind 
things  that  Mr.  Riley  had  said  to  the  gathering  about  some  of  their  criticisms,  he  had 
not  said  that  they  were  beyond  the  mark,  or  if  he  did  he  certainly  did  not  say  so  above 
a  whisper.  He  thought  they  might  say  that  not  only  had  they  come  to  feel  pleasure 
but  also  pride  in  the  little  work  they  had  been  able  to  do,  but  they  could  also  derive 
gratification  that  their  guests  there  that  night  had,  by  their  presence  and  acceptance 
of  the  hospitality,  expressed  their  pleasure  at  the  useful  work  done  not  only  to  the 
profession,  but  to  the  world  at  large.  There  were  so  many  distinguished  guests  that 
it  would  take  too  long  to  mention  them  by  name,  but  he  would  like  to  say  how  pleased 
they  were  to  see  the  President-elect  of  the  Ins'titute  of  Civil  Engineers.  It  would  be 
recollected  that  last  year  they  had  the  honour  of  entertaining  Mr.  Siemens,  who  was 
then  President,  when  he  reminded  them  of  the  fact,  of  which  they  were  fully  conscious, 
that  that  august  body  was  the  mother  of  all  engineering  societies,  indeed  he  believed 
he  said  the  grandmother.  (Laughter.)  He  should  also  like  to  say  how  pleased  thev 
were  to  see  Mr.  Riley  and  other  distinguished  guests,  Presidents  of  learned  societies, 
and   so  on. 

Lieut-Colonel  Holman,  in  responding,  said  he  had  known  the  President  of  the 
Concrete  Institute,  Mr.  E.  P.  Wells,  for  many  years,  and  the  longer  he  had  known 
him  the  more  he  had  learned  to  respect,  admire,  and  love  him.  The  most  scientific  of 
men,  he  was  ever  anxious  to  do  things  on  the  right  lines.  He  was  now  clamouring 
that  the  regulations  should  be  made  more  stringent.  He  did  not  hear  Sir  Alfred 
Gelder  say  anything  to  that,  and  he  did  not  hear  architects  clamouring  for  the  same 
thing.  They  were  not  clamouring  for  more  strenuous  regulations,  but  Mr.  Wells  made 
him  anxious  because  architects  must  consult  engineers  from  the  Concrete  Institute. 
But  he  was  sure  of  this,  that  somebod}'  who  knew  Mr.  Riley  would  endorse  all  he 
had  said  about  the  administration  of  the  Acts,  and  that  they  would  be  administered 
with  benevolence  and  not  that  rigid,  cast-iron  rvde  as  outside  the  London  area. 
Architects  had  no  complaints  to  make  of  the  administration  of  the  law. 

Sir  Henry  Tanner,  F.R.I.B.A.,  proposed  the  toast  of  the  President,  Mr.  E.  P. 
Wells,  which  was  drunk  with  musical  honours,  and  Mr.  Wells  brieflv  responded. 


414 


Io^CCJSSTBUCTICS^AQ 


REINFORCED  CONCRETE  FACTORY. 


^ll'W'"Tri!rT" 


^>  REINFORCED  CONCRETE 

FACTORY   FOR   MESSRS. 
J.    &    E.    WRIGHT,    LTD., 
BIRMINGHAM. 


The  folloining  account  or  a.  large  fac'ory  in  course  of  erection  at  Birmingham  should  be  of  interest. 
It  is  constructed  of  reinforced  concrete  throughout  "With  the  exception  of  the  tvalls,  "which  are  in  brick, 
and  is  a  good  example  of  the  suitability  of  concrete  for  factory  buildings.— ED. 


Tiir;  illustrations  and  plans  reproduced  in  this  article  are  tiiose  of  a  large 
building-  in  course  of  construction  for  Messrs.  J.  &  E.  \\>ight,  Ltd.,  at  Uni\erse 
A\'orks,  Garrison  Street,  Birming-ham.      Messrs.  Wrig;ht  are  the  old-established 


First  bay  completed  ready  to  receive  the  machinery. 
Reinforced  Concrete  Factory  for  Messrs.  J.  &  E.  Wright,  Ltd.,  Birmingham. 
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lirm  of  rope  manufacturers,  whose  specialities  include  steel  wire  ropes  for 
mining"  purposes,  cotton  driving  ropes,  and  hemp  ropes  of  every  description. 

This  large  building,  which  is  to  form  an  extension  to  Messrs.  Wright's 
important  wc^rks,  has  been  designed  to  contain  machinery. 

The  total  length  of  the  front  elevation  of  the  complete  building  is  343  ft., 
divided  up  into  bays  of  12  ft.  6  in.  centre  to  centre  of  the  pillars.  The  width 
of  the  building  is  approximately  95  ft.,  divided  up  into  three  bays  in  such  a 
manner  as  to  provide  for  a  double  row  of  reinforced  concrete  pillars  throughout 
the  centre  of  the  building. 

As  shown  in  the  cross-section,  the  work  comprises  two  reinforced  concrete 
floors  and  a  steel  roof.  The  total  area  of  each  of  the  reinforced  concrete 
floors  is  approximately  3,766  square  yards,   not  including  the  annex  or  store 


Gioss  Section. 
Reinforced  Concrete  Factory  for  Messrs.  J.  &  E.  Wright,  Ltd.,  Birmingham, 


and  the  lavatories  on  the  three  floors,  the  total  area  of  which  is  approximately 
234  square  yards. 

The  first  and  second  floors  have  been  calculated  for  a  superload  of  3  cwt. 
per  sq.  ft.  The  store  floor,  however,  has  been  calculated  for  a  distributed 
load  of  \o  cwt.  per  sq.  ft. 

In  addition  to  the  above-mentioned  superloads,  some  of  the  pillars  and 
beams  have  been  designed  to  support  crane  roads. 

Although  practically  the  entire  structure  is  in  reinforced  concrete,  the 
engineers  have  found  it  desirable  to  meet  the  Local  Building  Regulations  by 
constructing  the  walls  in  brickwork  from  i  ft.  11  in.  to  14  in.  in  thickjiess,  wilh 
substantial  piers  to  support  the  ends  of  the  main  beam  on  first  and  second  floors. 

A  glance  at  the  accompanying  plans  shows  the  method  of  arrangement  of 
the   pillars,    principal   beams   and    secondary   beams.      It   will   be    seen    that    ihe 
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pillars  oil  ihc 
ground  floor 
ni  e  ii  s  u  r  c 
30  in.  by  30  in. , 
and  those  on 
the  first  floor 
22  in.  by  22  in. 
The  roof  over 
the  second 
floor,  however, 
is  supported  by 
steel  stanchions, 
as  the  latter 
will  form  a  bet- 
ter connection 
to  the  steel 
roof. 

The  main 
beams  on  the 
first  floor  run- 
ning in  a  longi- 
tudinal direction 
between  the 
reinforced  con- 
crete posts  ha\  e 
scantlings  o  f 
16  in.  by  40  in. 
The  principal 
beams  running- 
at  rig-ht  angles 
to  these  have 
scantling-s  o  f 
12  in.  by  j:,2  in. 
The  latter  sup- 
port five  second- 
ary beams  of 
6  in.    by   10  in. 

The  thick- 
ness of  the  rein- 
forced concrete 
slab   is   3j   in. 

The  scant- 
lings of  the 
structural  mem- 
bers of  the 
second   floor  are 
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identical  with  those  of  the  first  floor  as  they  have  been  calculated  for  the  same 
superload.      The   pillars  have  been  provided   with   reinforced  concrete   footings 

in  order  to  distribute  the 
.^  load  on  to  blocks  in  ordin- 

ary concrete,  calculated  to 
spread  on  the  grcjund  a 
load  of  abrnit  2  ions  per 
sq.  ft. 

In  certain  parts  of  the 
floors  the  slab  between 
the  secondary  beams  has 
been  recessed  to  a  depth 
of  3  ft.  in  order  to  form 
dust  hoppers. 

Our  illustration  on 
pag-e  415  shows  the  first 
completed  ba}  ready  to 
receive  the  machinery. 
The  holes  shown  in  the 
main  beams  have  been 
provided  with  a  passage 
for  pipes,  cables,  bolts, 
etc. 

The  illustration  on 
page  42 1  shows  the  second 
bay  during  the  course  of 
construction.  The  photo 
was  taken  during  the 
preparation  of  the  unit 
reinforcement  for  the  main 
beams. 

r  h  e  reinforcement, 
which  is  on  the  Coignet 
System,  is  composed 
entirely  of  round  bars 
arranged  in  the  manner 
shown  on  the  detail  sec- 
lion  v.hich  is  reproduced 
on  page  418.  It  will  be 
seen  that  for  the  main 
beams  three  groups  of 
bars  have  been  provided 
to  resist  the  tension. 
Each  group  comprises  7  bars,  6  of  which  have  their  ends  gradually  bent 
upwards  at  an  angle  of  45*^,  the  extremity  of  these  ends  being  bent  in  the  shape 
of  a  hook  and  fixed  over  a  top  longitudinal  bar  in  such  a  manner  as  to  prevent 
any  slipping  of  the  bars  through  the  concrete. 
420 


Plan  of  Store  Floor. 

Reinforced  Concrete  Factory  for  Messrs.  J.  ^:  E.  Wright,  Ltd., 
Birmingham. 
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View  of  Second  Bav  in  CuURiE  of  Constri'ction. 


Vitw  of  Elevation  facing  Railway  Line. 
Reinforced  Concrete  Factory  for  Messrs.  J.  &  E.  Wright.  Ltd.,  Birmingham. 
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One  ol"  llu'  advantag'es  offered  by  this  method  is  that  the  section  of  steel  in 
tension  gradually  decreases  towards  the  support  in  proportion  to  the  curve  of 
bending  moments,  the  ends  of  the  bars  being  bent  upwards  to  resist  diag-onal 
tension  or  sheer. 

A  certain  number  of  additional  xerlieal  stirrups  are  also  provided  in  order 
to  completely  absorb  the  sheering^  efforts. 

The  reinforcement  of  the  pillars  is  composed  of  u  bars  bound  together  by 
ties  of  small  diameter  in  order  to  keep  the  main  bars  in  their  proper  position 
during"  the  concreting. 

The  eng"ineers  for  the  work  are  Messrs.  D.  &■  A.  Home-Morton, 
MM. Inst.C.E.,  consulting  engineers  and  industrial  works  designers,  of  Glas- 
gow and   Birmingham. 

The  reinforced  concrete,  which  is  entirely  on  the  Coignet  System,  is  being 
constructed  by  Messrs.  Richard  Fenwick,  Ltd.,  contractors,  of  Birmingham. 
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A  NEW 
APPLICATION 
OF  CAST-IRON 
IN  COLUMNS 
AND  ARCHED 
BRIDGES. 
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By  DR.  F.  VON  EMPERGER. 

The  particulars  giiien  beloiv  are  taken  from  a  very  interesting  article  by  Dr.  Von 
Emverger  'which  appeared  in  our  contemporary,  "  Beton  u.  Eisen."  This  article  has 
recently  been  issued  in  pamphlet  form  by  Messrs.  Wilhelm  Ernst  (3  Sohn,  of  Berlin,  at  the 
price  of  M2. SO.  The  German  title  is  "  EineNeueVerivendung  des  Gusseisens  bei  Saalen 
und  Bogenbrucken.  ' ' 


Reixfokced  concrete  columns,  in  which  the  reinforcement  does  not  exceed 
2  per  cent. ,  do  not  owe  any  appreciable  part  of  their  load-carrying-  capacity 
to  the  steel,  which  only  streng-thens  by  resisting  shear.  In  the  system  of 
construction  now  described  the  metal  and  concrete  combine  to  carry  the  load. 

Cast-iron  Columas. —  The  use  of  cast-iron  columns  in  building  has  greatly 
declined  in  recent  years.  Their  defects  can,  however,  be  removed  by  a  suit- 
able combination  with  concrete.  The  experiments  now  to  be  described  show 
that  the  dangerous  brittleness  of  the  material  is  neutralised,  and  a  structure 
is  obtained  which  is  capable  of  undergoing  great  deformation  without  fracture. 

It  is  claimed  that  the  result- 
ing members  are  the 
strongest  and  cheapest  of 
all  forms  of  columns.  The 
twenty -four  experiments 
were  carried  out  by  the 
Austrian  Reinforced  Con- 
crete Committee. 

Experiments  witti  Cast- 
iron  Pipes.  — Four  similar 
iron  columns  were  used, 
one  being  tested  by  itself 
and  the  three  others  with 
different  coatings  of  con- 
crete, the  age  in  each  case  being  6i  days.  The  unprotected  column  [Fig.  2), 
with  a  section  of  40' i  sq.  cm.  ,(6'2  sq.  in.),  broke  under  a  load  of  \y;  tons, 
which  amounted  to  3,420  kg. /cm.-^  fracture  taking  place  so  suddenly  that  the 
testing  machine  was  mjured  considerably.  This  load  was  in  accordance  witli 
the  usual  crushing  strength  of  cast-iron,  less  the  correction  made  for  bending 
of  a  long  column.  Column  II.  [Fig.  3)  was  spirally  wound  with  10  mm.  wire 
(o*4  in.)  at  intervals  of  4  cm.  {i'S7  in.),  with  eight  vertical  rods,  5  mm. 
diameter  (o"2  in.).      Column  IV.  was  similar,  except  that  the  vertical  rods  were 


Fig.  1.     Formation  of  Column  Heads. 
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replaced  by  No.  4  expanded  metal.  J  he  thickness  of  the  concrete  coating^  was 
63  mm.  (2h  in.)  to  the  outside  of  I  he  reinforcement  and  73  mm.  (2-87  in.)  in  all, 
the  outside  10  mm.  being  neglected  in  the  statical  computation.  Capitals  were 
formed  as  in  Fiir,  i.  These  two  columns  broke  under  lo.ids  of  315  and  307 
tons   respectively.      'J  he  compressive   strength   of   the  concrete   in   the  columns 

may  be  calculated  to  be  425  kg. /cm.-  (6,040 
lb.  per  sq.  in.),  whilst  cubes  of  the  same 
concrete  gave  352kg./cm.=  (5,006  lb.  per 
sq.  in.).  In  comparing  the  columns,  how- 
ever, allowance  must  be  made  for  the 
greater  tendency  to  bending  in  the  first 
column  on  account  of  its  slenderness. 

Column  III.  (F/^"-.  4)  was  similar,  but 
willi  a  closer  spiral  winding  of  7  mm.  wire. 
The    breaking    load    was    342    tuns.  The 

fractured  column  is  seen  in  Fig.  5,  and  It  is 
evident  that  the  dangerous  brittleness  of  the 
cast-iron,  causing  fracture  to  take  place 
almost  explosively,  has  completely  disap- 
peared in  the  protected  columns. 

Safety  of  Construction.  Vhun  concrete 
columns  are  impossible  in  ordinary  domes- 
tic construction,  owing  to  the  serious  results 
that  may  be  produced  by  small  defects.  Re- 
inforced columns,  with  their  protection 
against  shearing,  are  safer ;  but  certain 
serious  accidents  have  shown  that  defects  of 
construction  may  occur  unless  the  rein- 
forcement is  of  such  a  character  as  to  be 
itself  capable  of  carrying  a  load.  This  is 
costly  when  special  rolled  sections  have  to 
be  used,  but  is  cheap  in  the  mode  of  con- 
struction just  described.  As  moulds,  two 
sheet-iron  cylinders  are  used,  and  are  placed 
alternately  one  above  the  other,  so  that 
special  framing  is  entirelv  unnecessar}  . 

Experiments  with  Mild  Steel  Tubes. 
■ — Of  the  ek\en  tests  made,  the  Inrst  was 
with  a  solid  concrete  cvlinder  and  the  second 
a  hollow  cylinder,  both  without  reinforce- 
ment. In  both  cases  the  concrete  broke 
under  230  kg. /cm.-  (3,281  lb.  per  sq.  in.). 
The  third  and  fourth,  solid  and  hollow  cylinders  respectively,  w^ere  spirally 
reinforced,  and  gave  increases  of  strength  of  50  and  90  per  cent,  respectively. 
.'\  mild  steel  tube  was  then  tested  alone  in  compression,  as  well  as  one  which 
liad  been  enclosed  in  concrete  and  the  column  crushed.  It  was  found  that  the 
steel    had    not    l:)een    appreciably    weakened,    wliich    shows    that    in    columns    of 
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/o,  ccawsTROcnoNA  q 

[K  ENGIMEERING  — i 


A  NEW  APPLICATION  OF  CAST-IRON. 


this  kind  the  streng-th  of  the  steel  is  not  available  beyond  the  yield-point ;  whilst 
in  the  case  of  cast-iron  the  full  compressive  strength  may  be  utilised.  J'he 
following-  results  were  obtained  when  external  reinforcement  was  also  used  : — 


Fig.  4.     Column  III. 


Fig.  5.     Column   111.   i  mier  Lo.\d  of  342  Tons. 


■    Column 

Vertical  Reinforcement 

Spiral  Reinforcement 

Load 

VII. 

8  rods,  5  mm.       * 

10  mm.,           40 

mm. 

interval 

184     tons 

VIII. 

8       ,.     5     ., 

7     .,               20 

,, 

205'5      „ 

IX. 

8       „     5      „ 

10     ..               40 

^. 

,, 

209 

X. 

8       .,     5      ., 

Closed  lings,  40 

,, 

,, 

198 

XI. 

Expanded  metal 

10  mm.,           40 

" 

'■ 

205'5      „ 

Cast'lroa   Colutnas. — Second    Series These    experiments    were    conducted 

with  concrete  which  g^ave,  in  cubes,   a  streng-th  of   187kg-. /cm. =  (2,665  lb.   per 
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sq.  in.)  after  50  to  66  days.  This  agrees  well  with  the  strength  determined 
from  the  experiments  with  columns.  A  hollow  concrete  cylinder  without  rein- 
forcement broke  under  a  similar  load,  whilst  one  reinforced  with  rods  and 
hoops  {Fig.  o)  broke  under  a  load  of  457  tons,  corresponding  with  96  kg-. /cm. - 
(1,366  lb.  per  sq.  in.).  The  weakening  is  evidently  due  to  the  destruction 
of  the  outer  shell  by  the  vertical  rods,  so  that  only  the  inner  part  is  actually 
carrving  load,  whilst  the  hoops  are  too  widely  spaced  to  be  of  use.  liven 
reckoning  only  the  inner  cylinder  as  effective,  the  concrete  is  somewhat  weak- 
ened, as  the  shock  occurring  when  the  outer  shell  bursts  oft  affects  the  whole. 
The  next  column  {Fig.  7),  with  spiral  reinforcement,  stood  a  load  of  94  tons, 
or  ijgkg./cm.-  in  the  concrete.  A  fourth  column,  with  vertical  rods  and 
widelv  spaced  hoops,  confirmed  the  conclusion  that  this  fcjrm  of  reinforcement 
weakens  the  concrete  instead  of  strengthening  it. 

The  remaining  experiments  of  this  series  were  directed  to  determining 
the  proper  form  of  casing  tor  the  cast-iron  pipes.  The  author  has  laid  down 
the  principle  that  the  spacing  of  the  hoops  must  not  exceed  the  thickness  of  the 
inner  laver  of  concrete,  between  the  core  and  the  reinforcement.  The  tests 
show  that  when  this  condition  is  not  fufiUed  the  required  strength  is  not 
attained.  A  factor  of  safety  of  10  is  required  in  the  case  of  cast-iron  columns, 
on  account  of  the  great  brittleness  of  the  material,  and  this  disadvantage  is 
not  removed  when  the  concrete  casing  is  insufficiently  reinforced,  as  shown  by 
Fig.  8. 

A  cast-iron  tube,  153  mm.  (6  in.)  diameter  and  5  mm.  (o"2  in.)  thick, 
withstood  a  load  of  209  tons  (the  length  being  50  cm.,  or  20  in.);  whilst  the 
column  shown  in  the  figure,  reinforced  as  shown  in  Fig.  9,  only  withstood 
143  tons.  One  correctly  reinforced  with  a  close  spiral  as  in  Fig.  10,  only 
broke  under  a  load  of  j:,^2  tons.  Moreover,  the  manner  of  fracture  in  the  first 
case  was  similar  to  that  of  an  unprotected  tube,  except  that  the  violence  was 
somewhat  mitigated.  The  figures  given  for  these  columns  are  not  directly 
comparable,  as  the  iron  tubes  used  were  of  slightly  different  size ;  but  a 
calculation  of  the  actual  stresses  shows  that  the  badly  reinforced  column  of 
Figs.  8  and  9  is  actually  50  per  cent,  weaker  than  the  unprotected  iron.  This 
is  explained  by  the  fact  that,  when  the  stress  reaches  a  point  at  which  the 
elastic  limit  of  the  vertical  steel  rods  is  exceeded,  the  load  is  suddenly  trans- 
ferred to  the  inner  ring  of  concrete  at  the  same  moment  that  the  outer  shell  is 
split  oft.  The  elastic  limit  of  the  concrete  is  then  exceeded,  and  the  load  is, 
quite    suddenly,    transferred   to    the   cast-iron. 

Conclusions. — A  comparison  of  a  spirally  reinforced  solid  concrete  column 
with  one  of  the  same  external  diameter,  with  a  cast-iron  central  pipe,  shows 
an  advantage  of  25  to  50  per  cent,  in  favour  of  the  latter.  It  is  therefore 
possible  to  construct  comparatively  slender  columns,  which  was  formerly  only 
the  case  by  the  use  of  cast-iron,  and  only  one-half  to  one-third  of  the  cross- 
section  of  iron  is  required.  The  cost  is  small,  especially  when  allowance  is 
made  for  the  layer  of  concrete  required  in  anv  case  as  a  protection  against 
lire.  The  quantity  of  steel  required  is  evidently  much  less  than  in  the  construc- 
tion of  an  ordinary  spirally  reinforced  concrete  column. 
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The  central  channel  in  columns  of  the  new  type  may  serve  manv  purposes, 
such    as    those    of   ventilation    or    of   the    passage    of   pipes,    or,    with    suitable 

lag'ging,  for  heating  purposes,  if  provision 
be  made  for  suitable  modifications  where 
junction  is  made  with  the  floors,  etc. 

The  experiments  described  justify  con- 
clusions which  are  best  expressed  by  the 
diagrams  Figs,  ii  and  12.  Fig.  11  shows 
the  eftect  of  a  vertical  pressure  on  an 
ordinary  reinforced  concrete  column  of 
diameter  d  and  on  a  spirally  reinforced 
column  with  turns  d/~  apart.  In  the  first 
case  the  shaded  portions  are  broken  away, 
whilst  in  the  second  this  is  prevented  by 
the  spirals,  thus  increasing  the  strength. 
Fig.  12  shows  two  columns  constructed 
on  the  new  system.  In  the  first  the  spirals 
are  just  close  enough  to  utilise  the  crushing 

Fig.  6.  Concrete  Cymnder    Fig.  7.  Column  with  strength      of     the     Concrete;      in      the      SCCOnd 
Reinforced  with  Rods  and      Spiral  Reinforce-  *' 

Loops.  ment.  the   spirals   are   so  close   that   an   increased 

strength    is    obtained    and   a    complete    alteration    of   the    statical    properties    is 

produced.  The  experiments 
have  shown  that  the 
strength  of  a  cast-iron 
column  may  be  trebled  in 
this  way,  and  that  the  re- 
sulting column  is  as  trust- 
worthy, as  fire-resisting, 
and  as  elastic  as  if  of  steel. 
The  question  whether 
cast-iron  or  steel  tubes 
should  be  used  depends 
both  on  technical  and  com- 
mercial considerations.  The 
experiments  show  that  both 
materials  are  quite  trust- 
worthy, and  that  the  low 
elasticitv  of  the  cast-iron  is 
no  hindrance  to  its  use.  An 
important  difference  is  that, 
whilst  the  load  on  steel  is 
limited  to  its  yield-point, 
in    cast-iron    it    is    the    con- 


Fig.  8.     Showing  Concrete  Casing  Insufficientlv  Reinf.ji- 


siderably  higher  crushing  strength  that  matters. 

Relative  Cos/s.  — According  to  H.  Barth,  a  rolled  steel  column  in  Berlin  is 
about  20  per  cent,  cheaper  than  a  cast-iron  column  of  the  same  strength.  This 
figure  would  not  be  quite  true  for  Vienna,  and  the  relative  cost  of  transport  of 
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the  two  materials  would  vary  in  different   cases.        The  following-  comparative 

estimates  ha\e  been  made  by  Messrs. 
Wagoner,  Hiro,  and  Kurz,  assuming 
columns  4  metres  (13  ft.)  high,  with  a 
central  load  of  68  tons  and  a  pressure  on 
the  fcnmdation  of  30  kg.  /cm.-  (427  lb. 
per  sq.  in.)  :  — 
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Fig.  9.     Insufficiently 
Reinforced  Column. 


Fig.  10.     Properly  Re- 
inforced Column. 


1.  Cast-iron  column  with  base  and 
capital.  Factor  of  safety,  10;  exter- 
nal dia.,  240  mm.;  thickness,  30  mm.; 
total  weight.  910  kg.  Price  without 
fireproof  covering       ■••  ••.  ...  202'00 

2.  Mild  steel  column.  Two  No.  24 
channels,  ][;  weight,  540  kg.,  with 
factor  of  safety,  2'5.  Price  without 
fireproof  covering       ...  ...  ...  203 '00 

3.  Reinforced  concrete  column,  40 
cm.  square,  with  4  vertical  rods  and 
hoops  at  intervals  of  40  cm.  Price, 
including  shuttering  ...  ...  ...    92'40 

4.  Spirally  reinforced  octagonal  concrete  column,  40  cc.  dia.  ...  •••    88'80 

5.  Cast-iron  and  concrete  column  on  Dr.  von  Emperger's  system,  including 

the  two  sheet-iron  cylinders  for  use  as  shuttering         ...  ...  ...  •••    66"58 

The  difference  in   cost  is  to  be  attributed  mainly  to   the    different    stresses 
placed   on  the  iron.      Whilst  in  reinforced  concrete  the  crushing  strength  of  the 
concrete  determines  the   stress  in  the   steel,  and  in  mild  steel  columns  the  yield- 
point  is  the  determining  factor,  in  the  new  system  the  full  crushing  strength  of  the 
iron  is  utilised,  whilst  preserving  the  same  conditions  of  elasticity  as  with  steel. 
Computation  of  Columns. —  The  customary  method  of  computing-  reinforced 
concrete  columns,   based  on   the  averag-e   ratio  of  elasticities  of  the   two  com- 
ponents   (»— 15),    does    not    determine    the    factor    of    safetv,    as    in    the    com- 
putation of   beams.      The   author  has  previously   shown,    in   his   researches  ex- 
tending- from  1902  to  igo8,  that  a  better  method  may  be  based  on  the  breaking 
load.      He  assumes  5  as  an  entirely  sufhcient  factor  of  safetv  for  such  columns, 
and  in  this  is  confirmed  by  Professor  Rudeloft'.     Column  7,  which  broke  under 
184  tons,   should  thus  have  a  permissible  load  of  36  tons  ;  whilst  the  Austrian 
official   method   of  computation   only   allows   21    tons,   or   a  factor  of   safety   of 
nearly    9,    with    the    inconsistency    that    the   concrete    Is    onlv    stressed    to    one- 
eleventh  of  its  limit  and  the  steel  to  one-sixth.      The  method  is,  therefore,  to  be 
rejected  when,  as  iii  this  case,  the  percentage  of  metal  is  larg-e,  and  especially 
when  a  metal  of  low    elasticity,   such  as  cast-iron,   is  used,   when  u  cannot  be 
taken  as  more  than   10. 

An  accurate  computation  shows  that  the  cast-iron  should  be  treated  as  if 
its  crushing  streng-th  were  the  yield-point  of  an  elastic  material.  The  Austrian 
authorities  have  so  far  recognised  the  Inapplicability  of  the  old  method  to  the 
computation  of  these  new  columns  as  to  direct  that  they  are  not  to  be  treated 
as  reinforced  concrete  at  all,  and,  although  objections  have  been  raised  to  the 
author's  mode  of  coniputatlon,  no  alternati\e  has  been  proposed. 
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In  order  to  determine  the  dimensions  of  a  column  to  carry  a  given  load,  P, 
it  is  first  necessary  to  decide  whether  ;illo\vance  is  to  be  made  for  bending".  The 
Prussian  regulations  state  that  this  is  unnecessary  if  l=i8d,  that  is,  ^^  60; — 
where  /  is  the  radius  of  inertia,  and  this  is  confirmed  by  numerous  experiments. 
The  conclusion  is  tliat  with  a  c(jlumn  _:?  metres  (9  ft.    10  in.)  long  the  diameter 


Fig.  12.     Dr.  v.  Empergkrs  Svstkm. 


may  be  anything-  above  17  cm.  {fyj  in.),  without  any  correction  for  bending- 
becoming-  necessary.  The  load  is  actually  carried  by  two  distinct  columns, 
one  of  cast-iron  and  the  other  a  spirally  reinforced  hollow  concrete  column, 
and  these  may  be  considered  as  actually  separated — say  by  a  thin  layer 
of  air  or  a  coat  of  red  lead.      The  carrying-  power  should  then  be  the  sum  of 
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those  of  the  two  cohimns  separately.  This  is  shown  by  the  followinj^ 
experiments  :  A  cast-iron  column  broke  under  2og  tons,  and  a  hollow  reinforced 
concrete  cylinder  under  94  tons.  The  sum  of  tlu-se  is  303  tons;  and  a  column 
which  was  yery  nearly  a  combination  of  the  two  broke  under  2hj  tons, 
the  deficiency  ot  10  per  cent,  being  accounted  for  by  a  slight  difference  in  the 
measurements.  In  the  two  other  cases  the  expected  values  were  94-^-274  =  308 
tons  and  106+70=176  tons,  whilst  the  values  actually  obtained  were  332  and 
184  tons  respectively,  the  differences  lying-  within  the  limits  of  error. 

We  must,  therefore,  assume  for  the  new  system  a  uniform  factor  of  safety, 
and  we  may  conveniently  fix  this  at  5,  as  for  reinforced  concrete.  It  is  true 
that  the  Prussian  regulations  demand  a  factor  of  10  as  respects  the  crushing 
strength,  but  many  experiments  have  shown  that  this  is  never  actually  attained. 

We   thus   fix   the  permissible   stress   in    the   central   column,    if   of    steel,    at 

2400 

=480  kg. /cm.-   (6,832   lb.    per  sq.   in.),   or  for  cast-iron  at    1,000  to  2,000 

kg. /cm.-,  or,  to  allow  an  ample  margin,  at  750  to  1,500  kg. /cm.-  (10,750  to 
14,336  lb.  per  sq.  in.).  Starting  with  these  data,  the  calculation  is  carried  out 
as  follows  : — 

The  column  is  3  metres  (9  ft.  10  in.)  high,  with  a  central  load  of  53  tons. 
Bending  may  be  neglected.  The  cast-iron  column  is  i4'4  cm.  (5'7  in.)  in 
external  diameter,  and  40" i  cm.-  area  (6"2  sq.  in.).  Being  ordinary  cf)mmercial 
cast-iron,  we  only  take  its  crushing  strength  as  5  tons  per  sq.  cm.,  so  that  the 
permissible  load  is  40*1  x  750  =  30  tons.  There  remain  23  tons  to  be  carried  bv 
the  hollow  concrete  column.  If  the  concrete  may  be  loaded  to  28kg. /cm.-, 
this  may  be  doubled  by  reinforcement,  giving  56  kg. /cm. =.      Then  : 

23000  =  56(^^-^^*^)77;  D  =  V  1-27^ -j-ci' 

This  gives  D  =  27cm.,  or  a  thickness  of  concrete  of  6*3  cm.  (2'5  in.)  between 
the  cast-iron  and  the  external  reinforcement. 

The  diameter  of  the  external  spirals  is  thus  27  cm.,  and  that  of  the 
column  29  cm.  (ii'4  in.).  The  newer  Austrian  regulations  allow  the  external 
shell  to  be  considered  as  carrying  load  up  to  80  per  cent,  of  its  area.  We 
therefore  increase  the  27  cm.  to  29  cm.,  to  afford  protection  to  the  spirals 
against  fire,  and  have  : 

P  =  <^i,  (F,+  i5F,+  3^Fj=28(498+i5X  i-6  +  30x  167)  = 
28  (4<^8-(- 24-f  500)  or 

p=  28  6  tons 

But  as  the  iron  column  can  carry  30  tons,  and  the  concrete  498x2x28  = 
27,900  kg.,  the  sum  30  +  28=58  tons. 

The  column  actually  constructed  with  these  dimensions  broke  under  a 
load  of  342  tons,  so  that  a  factor  of  safety  of  about  6  is  obtained. 

The  following  method  is  more  general  : — The  total  load  P  is  divided  into 
two  approximately  equal  parts,  and  for  one  of  these  a  suitable  iron  section  with 
750  kg. /cm.-  is  selected.  A  reinforced  concrete  hollow  column  is  then  com- 
puted to  carry  the  remainder,  and  the  reinforcement  is  spaced  according  to  the 
thickness  found  for  the  walls,  remembering  that  the  spacing  of  the  spirals 
must  not  exceed  that  thickness,  and  i  or  2  cm.  is  then  added  to  the  diameter. 
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Construction  of  Arched  Bridges.— The  method  of  construction  just  de- 
scribed is  suitable  for  many  kinds  of  members,  and  especially  for  arches  carry- 
ing a  roadway,  as  the  construction  combines  the  advantages  of  convenience 
in  erection  and  low  dead  weight  of  steel  with  the  absence  of  riveting,  the 
possibility  of  a  simple,  massive  design,  and  the  low  cost  of  upkeep  of  reinforced 
concrete.      The  cost  of  large  bridges  is  thus  reduced  to  a  minimum. 

A  scheme  is  described  for  a  new  bridge  over  the  Danube  Canal,  with  a 
span  of  60  metres.  The  bridge  is  skew,  its  axis  being  inclined  to  that  of  the 
canal  by  71°  48'  29'.  The  height  is  only  4"2  metres,  or  1-15,  and  this,  com- 
bined with  the  loading  conditions,  introduces  special  difficulties  of  design. 

In  order  to  provide  against  eccentric  loading,  the  haunches  must  be  suit- 
ably strengthened  at  certain  points.  This  is  conveniently  effected  by  using 
two  separate  iron  tubes,  and  bringing  these  nearer  to  one  another  or  separat- 
ing them  as  required.  In  the  design  given  the  ribs  are  only  so  far  thickened 
as  to  ensure  that  only  compressive  stresses,  and  not  tensile,  arise  in  the  iron. 
The  cast-iron  tube  is  therefore  replaced  by  two  Q -shaped  tubes,  the  distance 
apart  of  which  is  suitably  chosen  at  the  quarter-span,  whilst  they  unite  in  a 
single  cast  joint  at  the  hinges.  The  calculation  is  made  as  for  a  column, 
except  that  u,  instead  of  being  the  ratio  of  the  elasticities,  is  now  the  ratio 
of  the  breaking  loads  of  the  two  materials  under  compression — for  instance, 
25.      That  is,  the  assumption  is  made  that  when  deformation  occurs 
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before  fracture,  a  stress  of  5,000  kg. /cm.-  in  the  iron  and  of  200  kg. /cm.-  in 
the  concrete  is  reached  simultaneously.      The  value  25  is  merely  provisional. 

The  Austrian  official  regulations  fix  as  the  permissible  stress  in  a  concrete 
mixture  of  350  kg.  of  Portland  cement  with  i  cubic  metre  of  mixed  sand  and 
gravel  the  value  29  kg./cm.- +  o-2«,- =  41  kg. /cm.-,  5  being  the  span  in 
metres,  in  this  case  60.  The  stress  in  steel  reinforcing  rods  would 
then  be  15x41^615  kg./cm-,  this  being  assumed  to  give  a  factor  of  safety 
of  5.  For  a  good  quality  of  cast-iron  we  may  then  allow,  assuming  the 
same  factor,  7,000/5=1,400  kg./cm.-.  As  a  concession  to  official  authorities 
of  a  highly  conservative  tendency  a"  lower  figure  may  be  taken,  sav  1,000  kg./ 
cm-,  or  the  bridge  may  be  computed  as  if  entirely  of  iron,  neglecting  the 
additional  strength  given  by  the  concrete. 

The  reinforced  concrete  method  of  construction  is  now  very  frequently 
resorted  to  in  competitions  for  bridges.  The  proposed  method  has  the  advan- 
tage over  steel  of  obviating  the  necessity  for  costly  riveting.  The  iron  sections 
are  screwed,  and  form  a  self-carrying  structure,  to  which  the  concrete  coating  is 
affixed  without  difficulty.  The  method  may  also  find  application  in  the  construc- 
tion of  arches,  domes,  electric  light  masts,  towers,  etc.  The  author  believes  it 
possible  to  construct  arched  bridges  of  greater  span  than  heretofore,  and  halls, 
such  as  those  of  large  shops,  in  a  slenderer  form  than  has  yet  been  attained. 
Further  experiments  are  planned,  which  the  author  will  communicate  to  all 
interested  persons. 
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TWO  LARGE 

REINFORCED    CONCRETE 

RESERVOIRS. 


In  the  article  belo-ui  ive  are  describing  two  important  reinforced  concrete  reservoirs 
in  this  countr\)  luhich  ha-ve  recently  been  erected,  and  which  show  the  suitability  of  this 
method  of  construction  for  ivork  where  stability  and  economy  are  required.— ED. 


RESERVOIR    FOR   THE   OLDHAM    CORPOR-XTION. 

This  reservoir  forms  part  of  a  scheme  which  was  designed,  under  powers 
obtained  bv  the  "  Oldham  Corporation  Act,  1909,"  to  utilise  the  waters  arising 
from  the  disused  workings  of  the  Butterw'orth  Hall  Colliery.  By  an  agreement 
between  the  Company  and  the  Oldham  Corporation,  the  waters  will  be  delivered 
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Fig.  1.     Details  of  Partition  Walls. 

RkINFc   R(  ED   CONCRETK    Re.SERVOIR    FOR    THE    OlDHAM    CORPORATION. 
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into  the  storage 
reservoir  of  the 
Corporation,  and 
thence  into  Piet- 
horne  Reservoir, 
from  which  thev 
will  be  conveyed 
into  service  through 
the  existing  mains. 
The  reservoir, 
which  is  entirely 
underground,  has 
a  capacity  of 
225,261  gallons. 
It  has  an  irregu- 
lar shaped  plan, 
with  a  maximum 
length  of  about 
112  ft.  and  a  maxi- 
mum width  of 
60  ft.  It  is  divided 
into  nine  separate 
compartm  ents, 
having  a  depth  of 
12  ft.  2  in.,  in- 
cluding the  thick- 
nesses of  the  top 
and  bottom,  the  di- 
visions occurring 
about  12  ft.  apart. 
The  external  walls 
are  9  in.  and  t  2  in. 
thick,  and  designed 
in  such  a  manner 
that  the  y  are 
strong  enough  to 
safelv  resist  the 
w  a  t  e  r  pressure 
when  the  reservoir 
is  lull,  \'.ithout  any 
assistance  from  the 
earth  pressure  on 
the  outside ;  and 
this,  of  course,  is 
the  only  satisfac- 
tory wa\-  of  con- 
structing the  work. 
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The  reinf(jrcement  in  thc.sj  walls  con- 
sists of  plain  round  rods  horizontally 
and  \(jrlically  at  \'ar)iny  dislancc^  apart, 
as    indicated   on    the   drawings. 

i  he  internal  divisions  are  9  in. 
thick  and  formed  with  arched  open- 
ing's about  ()  ft.  wide  and  S  ft.  high. 
These  arches  are  reinforced  with  two 
7-i()-in.  (Haineter  bars,  while-  the  wall 
between  the  opening^s  is  reinforced  witli 
four  5-i()-in.  diameter  bars  placed  veiti- 
cally,  and  one  7-16-in.  diameter  bar  at 
each  ang-le  of  the  pier,  with  horizont:d 
z    c-i()-in.   diameter  ties  at   12-in.   centres. 

o     J 

!;  The    compartments    themselves    are 

£  arched  with  6  in.   of  concrete,  reinforced 

.  o  with  radial  bars  every  9  in.  in  the  top  and 

^  <  bottom   surfaces,   and   transverse  bars. 

^  ; 

-  J  It  is  interesting"  to  note  the  method 

go.. 

S  a   of  rcsistiriij-  the  thrust  from  the  end  ol  the 

w  ^  series    of    arches,    by    a    series    of    11}  ing- 

-2  i^  buttresses,  as  illustrated  by  the  drawing-  in 

c  f  ^'S-   ^y   ^l""'^  extending'  for  the   full  width 

^  g  of  60  ft.  and  rendering'  the  end  wall  safe 

o    w  .  .  . 

"c  ^   agiainst  overturning"  in  the  event  of  subse- 

'S   w       ^  ... 

^  u   quent  excavation  at  this  point. 
■^  z  The    bottom    slab    was    formed    with 

f^  ^   6    in.    of    concrete,    reinforced    generally 
^   with    bars    at    9-in.    centres.     The    whole 
g   of     the     parts     are     well     tied     together 
c§   and     clamps     provided     at     the     various 
junctions  to  ensure  a  monolithic  construc- 
tion  and  well  distribute  the   stresses. 

The  weight  of  steel  used  for  the  re- 
inforcement has  been  10  tons,  the  nun.ber 
of  rods  6,700,  and  their  total  length 
66,900  ft. 

The  reinforced  concrete  details  of 
the  reservoir  were  designed  l)y  the 
Considere  Construction  Co.,  of  \'ictoria 
Street,  S.W.,  and,  o'wing  to  the  irregular 
shape,  it  presented  more  difTiculty  than 
the  usual  type  of  reservoir. 

The  engineer  for  the  work  was  Mr. 
C.   J.    Batley,   M.Inst.C.E. 
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Reservoir  in  course  of  construction. 


Interior  of  Storage  Reservoir. 
Rei.nforced  Concrete  Reservoir  for  the  Oldham  Corporation. 
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REINFORCED    CONCRETE    RESERVOIR    AT    SKEGNESS    WATERWORKS. 

Till:    rcscrxoir    described    below    was    eonstructc-d    in    ((jiineelicjn    willi    ilie    new 
Skegness   Water  Works,   which  were  designed  and  carried  out   !)y   Mr.    Percy 
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RESERVOIR  FOR  SKEGNESS   WATERWORKS. 


Gritlith,  M.Inst.C.E.,  and  which  were  recently  described  i)\-  liim  in  a  paper  read 
before  the  Institution  of  Water  Engineers,  from  which  the  following-  particulars 
are  taken  : — • 

, MANHOLL 

...t It- 
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Plan,  Section  and  Details. 

Reinforced  Concrete  Reservoir  at  Skegness  Waterworks. 

.\   point  of   special  interest   in   connection   with   these   waterworks   was  the 
ad!>ption  of  reinforced  concrete  for  the  service  reservoir.      This  was  constructed 
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on  a  hill  top  a  mile  and  a  quarter  west  of  the  punii)ini4-  station,  the  elevati(;n 
being  200  ft.  above  O.D.,  ample  to  give  the  necessary  pressure  at  Skegness, 
allowing  for  friction  in  the  main.  The  capacity  is  400,000  gallons  when  full, 
and  the  reservoir  is  divided  by  a  transverse  partition  5  ft.  h  in.  high,  into  two 
parts,  to  provide  for  cleaning  out  the  floor  withcnit  throwing  the  reservoir  out 
of  use.  To  avoid  the  expense  of  laying  a  double  line  of  main  between  the 
pumping  station  and  the  reservoir,  the  rising  main  enters  at  the  bottom,  and 
serves  as  an  outlet  main  as  well;  in  fact,  during  the  time  that  pumping  is  in 
operation  the  supply  does  not  enter  the  reservoir  except  so  far  as  the  rate  of 
pumping  exceeds  the  demand  at  Skegness.  No  inconvenience  has  been  ex- 
perienced from  the  resulting  risk  that  a  leak  in  the  main  might  possibly 
empty  the  reservoir,  as,  by  providing  proper  supervision,  assisted  by  automatic 
alarms  at  suitable  points,  the  engineer  has  promptly  dealt  with  the  leaks 
that  have  occurred  long  before  any  loss  of  importance  has  taken  place. 

The  svstem  of  reinforcement  adopted  is  the  +  and  H  bar,  securely  wired  at 
inter-sections,  the  roof  being  supported  by  concrete  girders  reinforced  along 
lines  of  tensional  stress.  The  internal  dimensions  are  100  ft.  by  70  It.  in  plm, 
with  TO  ft.  depth  of  water.  External  walls  are  8  in.  thick  at  base  and  h  in. 
thick  at  top,  supported  at  7  ft.  centres  by  external  counterforts  12  in.  wide, 
capering  from  i  ft.  9  in.  at  base  to  9  in.  at  top  (additional  to  thickness  of  walls). 
The  floor  was  not  reinforced,  and  is  9  in.  thick,  extending  12  in.  beyond  ex- 
ternal walls,  and  thickened  to  12  in.  under  the  piers.  These  are  16  in.  square 
at  base,  tapering  to  10  in.  square  at  top,  and  are  arranged  at  16  ft.  8  in. 
centres  along  the  major  axis,  and  14  ft.  centres  on  the  minor  axis.  The  roof 
is  6  in.  thick,  supported  on  concrete  girders  12  in.  deep  (additional  to  thickness 
of  roof)  by  8  in.  wide. 

The  top  of  the  roof  is  rendered  with  2  in.  of  cement,  the  inside  of  the 
walls  \\ith  I  in.,  and  the  inside  of  the  floor  with  \-h  in.  of  cement,  the  whole  of 
this  work  being  a  model  of  what  rendering  should  be.  There  has  been  no  leak 
whatever  since  completion,  although  the  floor  developed  a  crack  during  con- 
struction, owing  to  the  existence  of  a  fissure  (unobserved  during  the  excavation) 
in  the  underlying  chalk.  This  was  readily  repaired  by  concrete  rammed  into 
the  fissure,  the  floor  concrete  being  strengthened  by  old  rails  (laid  transversely 
to  the  crack)  bedded  in  the  concrete. 

As  regards  the  use  of  reinforced  concrete  for  service  reservoirs,  the  auth<jr 
stated  that  he  was  satisfied  that,  as  regards  economy  and  stability,  the  system 
is  far  more  satisfactory  than  ordinary  brickw^ork  or  concrete  construction.  The 
cost  in  this  case  (^,^2,309)  was,  perhaps,  somewhat  below  market  prices,  as 
the  contractors  were  very  anxious  to  secure  the  order  ;  but,  even  so,  the  author 
is  satisfied  that  ordinary  construction  of  equal  stability  would  have  cost  more 
than  did  the  design  adopted.  As  regards  water-tightness,  the  author  does 
not  consider  that  reinforcement  gives  any  material  advantage,  the  result 
depending  entirely  upon  the  eflhciency  of  the  rendering;  but  in  this  instance 
there  is  no  doubt  that  the  work  was  carried  out  so  efficientlv  that  the  reservoir 
may  be  looked  upcm  as  a  model  for  imitation. 
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DESIGN  OF  T-BEAMS. 


DESIGN   OF   T.BEAMS    IN 
REINFORCED  CONCRETE. 


By  R.   N.  MIRZA.  B.Eng.,  M.Inst.  Min.E..  Assoc.  G.W.T.C. 

The  following  article  on   the  design   of  T-beams  ivill  be  found  interesting  by  those 
connected  'with  the  design  of  reinforced  concrete  structures. — ED. 


The  charts  accompanying  this  article  give  a  rapid  method  of  designing  I-beams 
and  calculating  their  resistance  to  stresses  induced  by  bending.  By  the  aid  of 
these  diagrams,  the  required  values  of  depth,  breadth,  reinforcement,  etc.,  can 
be  determined  accurately,  when  the  bending  moment  on  the  structure  is  kp.own. 
Xo  approximate  formulae  are  used  to  calculate  the  diagrams. 

In  order  to  justify  the  correctness  and  utility  of  the  diagrams  it  is  necc  ,sar\ 
to  work  out  fully  the  deductions,  from  the  fundamental  equations,  accordin.^-  tc 
which  the  curves  have  been  drawn. 

Although  the  mathematical  working  out  of  the  deduced  equations  is  some- 
what complicated,  application  of  the  final  results  and  the  reading  of  the  charts 
for  designing  and  checking  purposes  will  be  found  to  be  extremely  simple  and 
should  prove  invaluable  for  rapid  and  accurate  calculating  purposes. 

The  following  nomenclature  has  been  used  :  — 

M=BendiDg  moment  in  inch-lbs. 

/=Tensile  stress  in  metal  in  lbs.   per  square  inch. 

c:=Compressive  stress  in  concrete  in  lbs.  per  square  inch. 

z^Distance  of  resultant   thrust   in    concrete   from   compressed    edge    of    beam 

in  inches. 
/;=:Distance  of  neutral  axis  from  compressed  edge  in   inches. 
A'=  Ratio  of  the  depth  of  neutral  axis  to  the  effective  depth  of  the  beam. 
J=Effective  depth  of  beam  in  inches. 
ifs=  Depth  of  slab  in  inches. 

.4,=  .Area  of  concrete  in  compression  in  square  inches. 
.4,= Area  of  metal  in  tension  in  square  inches. 


y__ f(l\ Effective  depth  of  beam 

\dj  Depth  of  slab 


■p 

jn=— '  the  ratio  of  coefficients  of  elasticity  of  steel  and  concrete=15. 

E.. 
C,  G,  <p,  g.  are  constants  used  in  the  equations. 

Two  distinct  cases  arise  in  the  design  of  T-beams  :  — 

(a)  When  the  thickness  of  the  slab  is  greater  than  n. 

(h)   When  the  thickness  of  the  slab  is  less  than  )i. 

In  both  cases 

nic       K 

T~\-K 

Case  {a) 
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b 


and 


then 


Equating  the  moments  of  resistance  to  the  bending  moment, 
M=Attd  {\-lK)=~Bd-K  (l-iK) 

Substitute  for  d,  Yds  {"^  =  j) 

z^lKYd. 
M  =  tAtyd.  {I- -JO 

M 

A,=  - 


Similarly 


M 


{tdAl-iK)\Y       • 
'-BdlY'K  (1-:U0    . 


A 
B 


In  designing  t  and  c  are  assumed  and  hence  K  is  known  therefore 

A,  = ^ 

constant  X  Y 

M  =  Constant  XBdlY' 
Average  stress  on  concrete  =- 

Case  (b). 

Neglecting  the  small  compression  in  the   web  between  d^  and  »,  the  m.ean 
compressive  stress  on  the  flange  is 

i(     ,      Kd-ds^  _c  <  2Kd-ds\ 

o  ,  C  T~  ■^ 


Kd     >     2  <       Kd 


_c^2KY-\\_<  ^       1     ' 
2  ^      YK      >      '■        K  Y  > 
It  is  evident  that  whenever  Y  is  greater  than  IJK  the  neutral  axis  lies  above 
the  soffit  of  the  slab. 


^2YK-\^ 


^d  .  3Kd  —  2ds 
^~3     2Kd  -  ds 
Equating  the  moments, 

M  =  A,t  {d-z)  =  \  Bdc^^^jr^  id-z) 

A.t  id-z)         ^2^.7^"--^^:J+,^)-^/-!-  M. 


denoting 


++0 


2KY-'\  » 

^< mW^i »  ^^^ 

Resisting  Moment  =  i\/ =i4,a'.sg^ 
and  calling  gt  =  G 
M  =GAtds 
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also  ^j=c^Bj2K<t^ 

substituting  Yds  for  d 


M=     Bd jy-. —  {d  -  z) 


M=c-  ^      \    K     ^      3K-Bdl 

I  Y  ) 

\+K\       1 


y---5V 

and  putting  4>^ ^     K     '      3/v 

uhich  ma\'  be  further  simplified  in  the  form 

M  =  CBdl 
Hence  the  following-  important  equations  are  deduced  :  — 
{a)   \\"hen  the  neutral  axis  is  within  the  slab — i.e.,  from  Y  =\  up  to  1'=  \K 

M=-BdlY'K{l-^K)  and 

"'     tdAl-ilOY 
{h)   When   the   neutral   axis   is   within   the   slab — i.e.,    from    1"   greater  than 
1  K  and  upwards —  M  =  CBdl  and 

A   — ^ 
G.ds 
The  accompanying'  curves  are  drawn  giving"  values  of  C,  z,   G,  g,    0,   and 

average  value  of  c  with  respect  to  Y  from  Y  equal  i  upwards. 

It  will  be  observed  that  the  first  portion  of  each  of  the  curves  follows  the 
equations  for  Case  (a)  gfiving-  values  up  to  Y  =  \iK,  and  then  according-  to  the 
equations  deduced  for  the  case  when  F  is  greater  than  l/K,  and  it  will  be 
noticed  that  there  is  a  slig-ht  "cusp  "  at  the  stag-e  at  which  the  neutral  axis  of 
the  beam  passes  outside  the  slab  and  is  denoted  on  the  curves  by  heavy  dots. 

METHOD    OF    DESIGN. 

In  designing-  a  T-beam  the  following-  quantities  are  generally  known — 
the  depth  of  the  slab,  the  bending-  moment,  and,  B,  the  breadth  of  slab  acting 
with  the  beam.  Having  decided  upon  the  stresses  to  be  permitted  on  steel  and 
concrete,     A'     is     at     once    obtained     either    from     the    fundamental    equation 

—  =--   or  by  referring  to  the  chart  given  on  page  53+,  R.I  .B.A.  first  report 

on  Reinforced  Concrete. 

The  resisting  moment  of  the  T-beam  is  given  by  the  formula  R}[  =  CBdl 

Equate  the  resisting  moment  to  the  bending  mom.ent 

M=CBdl 

Calculate  C  from  this  equation,  and  from  curves  No.  i  connecting  C  and 
1'  (curves  are  given  for  the  three  most  usual  values  of  K)  the  value  of  1  is 
directly  obtained.  If  the  value  of  C  lies  above  that  marked  by  the  heavy  dot, 
the  neutral  axis  lies  below  the  soffit  of  the  slab. 

Having  obtained  Y,  it  is  evident  that  the  effective  depth  of  the  T-beam 
from  the  top  of  the  slab  to  the  centre  of  steel  in  tension  is  equal  to  d—l  d^ 

Trace  the  corresponding  value  of  G  for  the  value  of  1'  on  curves  Xo.  2. 

Area  of  metal   required  in  tension  =•  >!;  = 

G.ds 
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Cui'N'es  are  also  gfiven  for  rapidly  obtaining-  values  of  z  and  a\  eragc  stress 
on  concrete. 


/a    /-s  4a   its  a"    .ss  *a  *-s  ^a   ^s  sa  es  pro  ^s 

METHOD    or    CHECKING    DESIGNS. 

The  checking  curves  apply  to  designs  which  have  been  prepared  on  the 
assumption  that  stresses  in  steel  and  concrete  do  not  exceed  16,000  lb.  per  sq.  in. 
and  600  lb.  per  sq.  in.  respectively,  but  similar  curves  can  be  easily  prepared 
for  checking  designs  in  which  other  stresses  have  been  adopted.     . 

In  a  design  which  has  to  be  checked  the  following  quantities  are  known — 

d 


At,  Bending  Moment.  B,  d,  c/.„  and  hence 


ds 


i.e.  Y 


From  the  4>  curve  the  value  of  <i>  for  tie   gi\en   value  of    Y   is   obtained; 
then  c,   the  compressive  stress  on  concrete,  ^  bendmg  Moment 

Similarly,   to  find   i,   the   tensile  stress  on   steel,   obtain  the  corresponding 

value  of  g  for  the  value  of  T,  then  ^  _  Bending  Aloment 

^  '  At  .  ds. 
Example. —  Required,  to  find  the  depth  of  a  T-beam  and  the  area  of  metal 
to  resist  a  bending  moment  of  1,500,000  in. -lb.      Depth  of  slab  5  in.  ;  the  avail- 
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i,f  I  i-'l  pfg/f 


,es     3~a    3S    »--7    *J-  «r»    ^s  60  6-^  ,-■"     .""S  gV 


Q^^/f/&  /Ck.'/^r/-/  /^/fr/o  :^  "^  Y 


;ible  breadth  of  slab  acting-  with  beam  60  in.     Stresses  on  concrete  and  steel  to 
be  fully  developed.      Assume  c  =  6O0  lb.     Q"  &  /=  16,000  lb.      Q"). 


M  =  CBd: 


c-^-,^QQ'QOQ= 1,000 


60X25 

y  is  found  from  curve  No.  1  to  be  equal  to  3'3 

.  '  .  the  effective  depth  of  the  beam  — 3'3c/,, 

=  3-3  X  5  =  16-5" 
From  curves  No.  2   the  corresponding  value  of  G  for  r  =  3'3  is  4'6  x  10,000 

therefore  ,       1.500,0C0  inch  lbs  1,500.000 


^6X  10,000x5 


G  X  d, 
=  6'52  sq.  in. 

In  this  method  it  is  noticed  that  the  designer  does  not  require  to  assume 
the  depth,  but  finds  at  once  the  depth  which  will  develop  the  full  stresses. 

To  justify  these  solutions,  same  results  as  above  are  worked  out  below 
from  the  fundamental  equations  upon  which  the  preparation  of  the  accompanying 
curves  is  based. 

Stresses  to  be  developed  600  lb.    Q"  &  16,000  lb.     Q"   A' =  -36.     d,--=-5". 

.\ssume  a  total  effective  depth  of  i6'5  in.  (and  the  difficulty  lies  in 
assuming  the  correct  depth  that  will  develop  full  stresses  and  utilise  the  whole 
available  breadth  of  the  slab).  443 
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Lever  Arm 


3  ^  2«  -  £/,s 


R.IB.A.  second  report, 
page  24. 


-=16-5 


5/3x5-94-10^ 


3^2x5-94-  5  ' 

=  16-5 -1-9  =  14-6 

.         1,500,000  .. 

At= =6'4  SCI.  in. 

16,000X14-6 

c  =  the  compressive  stress  on  concrete 

2  Mn 

Bifs  {2ii  —  ds)x  Lever  Arm 

_     2x1,500,000x5-946 

60X5x(ll-88-5)xl4-6 
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REINFORCED  CONCRETE  IN  SAN  FRANCISCO. 


USE  OF  REINFORCED  CON. 

CRETE  IN  SAN  FRANCISCO 

AND   VICINITY. 
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J 


By  JOHN  B.  LEONARD,  M.Am.Soc.C.E. 

The  follotving  article  on  the  use  of  reinforced  concrete  in  San  Francisco  is  a  summary 
of  a  paper  read  some  time  ago  by  Mr.  John  B.  Leonard,  of  San  Francisco,  before  the 
National  Associaiion  of  Cement  Users  of  the  United  States.— ED. 


Ix  order  properly  to  appreciate  the  use  of  reinforced  concrete  in  San  Francisco 
and  vicinity  at  the  present  time,  it  is  essential  to  understand  the  conditions 
existing-  in  this  territory  immediately  pre\-ious  to  the  gTeat  earthquake  of  Sa.n 
Francisco  in   igo6. 

Municipal  Laws  of  San  Francisco. — Prior  to  April  iS,  igoo,  the  Build- 
ings Laws  of  the  City  of  San  Francisco  were  so  framed  that  they  did  not  permit 
the  construction  of  an  all  reinforced  concrete  building-.  They  did  allow  the  use 
of  reinforced  concrete  for  foundation  work,  sidewalk  walls,  and  floor  slabs. 
.Architects  were  also  allowed  the  use  of  reinforced  concrete  intermediate  beams 
in  a  structural  steel  frame,  and  this  device  had  been  resorted  to  in  two  or  three 
instances.  There  were  many  building-s  in  which  reinforced  concrete  floor  slabs 
were  used,  and  also  concrete  fireproofing-  for  the  columns,  but  a  large  portion 
of  the  practice  used  tile  for  floor  and  fireproofing  purposes. 

The  advocates  of  reinforced  concrete,  however,  were  making  a  very 
strenuous  fight  to  secure  permission  to  construct  buildings  of  this  material, 
and  their  efforts  would  und;nibtedly  have  secured  favourable  results  in  a  short 
time. 

The  Effect  of  Earthquake  on  Reinforced  Concrete  Buildings. — Owing 
to  the  Building  Laws  of  San  Francisco  denying  the  privilege  of  constructing 
reinforced  concrete  buildings  in  the  city  limits  there  was  no  completed  building 
of  this  type  in  San  Francisco  at  the  time  of  the  earthquake  and  fire.  There 
was  one  building  just  being  constructed.  The  owner  had  never  received  an 
oflFicial  permit  for  the  erection  of  this  building,  but  being  confident  of  the 
merits  of  reinforced  concrete,  intended  to  abide  by  the  issue  in  the  courts. 
This  structure  was  intended  for  storage  purposes  and  was  to  be  six  stories  high. 
The  foundation,  columns,  girders,  floor  and  roof  slabs  were  to  be  of  reinforced 
concrete,  and  the  enclosure  walls  of  brick.  At  the  time  of  the  great  disaster  the 
second  floor  had  been  completed  and  forms  were  up  for  the  third  floor,  also  the 
curtain  walls  were  up  nearly  to  the  third  floor. 

The  building  was  not  subjected  to  any  intense  fire,  but  it  was  in  a  section 
of  the  city  that  suifered  severely  from  the  earthquake.  An  examination  of  the 
building  a  few  days  after  the  disaster  showed  that  the  brick  curtain  w-alls  had 
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suffered  considerably,  but  that  the  reinforced  concrete  portion  of  ilic  slim  lure 
was  entirely  sound.  The  faults  in  the  curtain  walls  have  since  been  corrected 
and  tlu'  building  carried  <jn  to  completion  in  reinforced  concrete. 

At  the  Leland  Stanford,  Jr.,  University,  located  at  Palo  Alto,  about  thirty 
miles  south  of  San  Francisco  in  the  Santa  Clara  Valley,  and  but  a  few  miles 
from  the  famous  fault  line,  there  existed  a  reinforced  concrete  building  that 
was  constructed  some  twenty-three  years  ago.  This  building-,  shown  in  l'"i;^-  i , 
known  as  the  museum  building-,  has  a  length  of  about  300  ft.,  and  a  lUpth  r,t 
about  50  ft.,  and  is  tvi^o  stories  high.  The  construction  was  entirely  of  reinforced 
concrete,  consisting  of  interior  columns,  girders,  beams  and  floors,  and  enclosed 
with  concrete  bearing  walls.      The  enclosure  walls,  however,  were  not  reinforced. 


The  Leland  Stanford,  Jr.,  University,  Museum  Building,  California. 
Reinforced  Concrete  in  San  Francisco  and  Vicinity. 

except  at  the  floor  levels,  the  space  between  the  floor  levels  consisting  of  jjl.iin 

concrete. 

Shortly  after  the  completion  of  the  building,  as  was  to  be  expected, 
shrinkage  cracks  appeared  in  some  of  the  walls.  Recent  observers  have  mis- 
taken these  shrinkage  cracks  for  earthquake  cracks,  but  there  is  ampU- 
testimony  of  unquestionable  character  to  prove  that  they  were  in  existence 
years  before  the  earthquake  occurred. 

It  became  the  writ^er's  privilege  about  a  month  after  the  shtK-k  to  niake  a 
thorough  minute  examination  of  the  structure  in  company  with  an  engineer 
and  an  architect.  Because  of  our  realisation  of  the  important  part  that  rein- 
forced concrete  would  probably  take  in  the  reconstruction  of  the  stricken 
section,  our  examination  was  made  with  unusual  care.  At  the  completion  of 
this  task,  it  was  the  unanimous  opinion  that  this  structure  had  suffered  no 
structural  damage  from  the  earthquake.  It  was  not  subjected  to  any  fire  test. 
Columns,  girders  and  floors  showed  no  cracks  or  defects  of  any  character 
whatever.  The  only  item  of  damage  that  could  be  found  in  the  building  at 
all  was  a  hole  that  had  been  punctured  in  one  of  the  floors,  this  puncture  being 
caused  by  the  falling  of  a  piece  of  statuary. 
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That  this  building-  had  been  subjected  to  a  severe  vibratory  motion  was 
evident  in  the  main  entrance.  This  entrance  had  a  marble  wainscoting-  about 
4  ft.  high,  and  the  floor  was  covered  with  chips  and  dust  caused  by  the 
grinding-  of  the  edg-es  of  the  marble  used  in  the  wainscoting-.  Some  of  the  chips 
were  as  larg-e  as  the  thumb  nail. 

There  was  just  being  completed  an  addition  to  the  museum  building,  this 
addition  being-  almost  ready  for  occupancy.  The  construction  of  the  new  work 
consisted  of  brick  bearing-  walls  and  concrete  floors,  the  concrete  floors  being; 
supported  by  steel  g-irders  and  columns.  All  the  new  work  was  badly  wrecked 
by  the  earthquake.  It  is  interesting-  to  know  that  the  University  authorities 
had  abandoned  the  reinforced  concrete  construction  and  resorted  to  this  type  as 
being-  safer.  The  alarm  was  caused  by  the  shrinkag-e  cracks  that  existed  in 
the    main    museum    building-. 

The  writer  has  heard  it  stated,  and  is  informed  that  the  statement  exists 
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Southern  Pacific  Railway  Company's  Hospital,  San  Francisco. 
Reinforced  Conxrete  in  San  Francisco  and  Vicinity. 

in  print,  that  the  Memorial  Arch  at  the  Leland  Stanford,  Jr.,  University  was 
a  reinforced  concrete  structure,  and  that  it  was  a  complete  wreck.  I  take  this 
opportunity  to  refute  this  statement,  in  so  far  as  it  pertains  to  reinforced  con- 
crete ;  the  arch  was  a  wreck,  but  it  was  constructed  of  brick. 

Fire  Resisting  Qualities  of  Reinforced  Concrete. — One  of  the  great  mis- 
fortunes for  us  is  that  there  did  not  exist  at  the  time  of  the  fire  an  all  reinforced 
building  in  San  Francisco.  Such  information  as  was  gleaned  from  the  San 
Francisco  fire  on  this  subject  was  derived  wholly  from  the  behaviour  of  the 
concrete  floors  and  fireproof  columns  in  some  of  our  steel  frames.  As  in  all 
other  places,  good,  bad  and  indifferent  concrete  work  had  been  done,  so  that 
the  results  must  of  necessity  be  variable  in  character.  The  same  faults  of 
workmanship  existed,  no  doubt,  in  the  buildings  in  which  tile  was  the  fire- 
proofing  element. 

Re=building  of  San  Francisco. — ^^'hen  San  Francisco  faced  the  problem 
of  rebuilding  it  was  a  source  of  astonishment  to  those  interested   in  construc- 
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tion  to  see  the  attention  and  investigation  that  was  being-  g-iven  to  reinforced 
concrete  by  the  hi\  men.  The  public  opinion  became  so  strong-  for  this  material 
that  the  Board  of  Supervisors  were  compelled  to  recognise  its  merits  and  permit 
its  use  for  all  building  operations. 

Its  superior  tire-resisting  qualities  were  recognised  by  comparing  the 
general  condition  of  such  buildings  as  had  used  concrete  with  those  which  h.-id 
used  tile.  The  result  is  that  to-day  in  San  Francisco  concrete  has  been  used 
as  fire-proofing  for  the  steel-frame  buildings  almost  exclusively. 


The  She' don  Building,  San  Francisco. 
Reinforced  Concrete  in  San  Francisco  and  Vicinity. 

Up  to  June  30,  1910,  there  had  been  issued  in  San  Francisco  permits  fof 
132  reinforced  concrete  buildings,  and  several  permits  have  been  issued  since. 

State  of  California. — The  State  of  California,  through  the  State 
Engineer's  Department,  has  used  reinforced  concrete  very  extensively  in  the 
replacing  of  such  State  buildings  as  were  destroyed  by  the  earthquake.  The 
State  Insane  Asylum,  situated  at  Agnews,  a  place  about  twenty  miles  from  the 
Leland  Stanford.  Jr.,  University,  has  been  rebuilt  of  reinforced  concrete. 

\'ery  extensi\e  additions  to  the  State  Penitentiary  at  San  Quentin,  situated 
on  tlie  bay  but  a  few  miles  from  San  Francisco,  were  made  of  the  same 
material. 
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The  State  Board  of  Harbour  Commissioners.  ^^^r\ce  1906  the  State 
Board  of  Harbour  Commissioners  have  used  reinforced  concrete  very  exten- 
sively in  the  construction  of  wharves.  Piers  36,  38  and  40  are  founded  on 
concrete  cvlinder  piers,  which  support  a  series  of  steel  girders.  These  girders 
pre  encased  in  concrete,  and  on  them  rests  a  reinforced  concrete  slab  which 
supports  the  entire  traffic  of  the  wharf.  Pier  54,  which  is  now  under  construc- 
tion and  nearly  completed,  is  supported  by  concrete  cylinders.     The  floor  system 


Reinforced  Concrete  Pier,  San  ?"rancisco,  in  Course  of  Construction. 
Reinforced  Concrete  in  San  Francisco  and  Vicinity. 

of  this  pier,  howe\er,  consists  of  a  series  of  girders,  beams  and  slabs,  all  of 
which  are  constructed  entirely  of  reinforced  concrete.  This  is  the  last  pier 
constructed  by  the  Board  of  Harbour  Commissioners,  but  they  now  have 
in  preparation  plans  for  another  one  that  will  incorporate  the  same  type  of 
construction   as   pier  54. 

It  is  beyond  question  that  our  State  Board  of  Harbour  Commissioners  are 
being  guided  by  their  experiences  and  investigations  in  the  selection  of  rein- 
forced concrete  for  permanent  structures  on  the  water  front  of  San  Francisco. 

San  Francisco. — The  city  of  San  Francisco  has  shown  its  confidence  in 
reinforced  concrete  in  a  very  emphatic  manner.  It  is  well  known,  no  doubt, 
to  you  all,  that  the  great  fire  of  San  Francisco  was  caused  by  the  breaking 
of  the  water  supply  pipes  on  the  marsh  just  south  of  the  city,  thus  leaving  our 
fire  departnient  without  any  water  to  combat  the  conflagration.  Before  a 
re-built  city  could  be  made  safe,  it  was  patent  to  all  that  some  device  must  be 
used  to  protect  the  city  in  case  the  supply  pipes  should  again  be  broken.  It  was 
finally  decided  to  build  storage  cisterns  distributed  throughout  the  city  at  proper 
intervals.  There  have  been  80  of  these  cisterns  built  in  San  Francisco,  and  all 
of  them  are  constructed  of  reinforced  concrete. 

In  the  new  sewer  system,  for  which  bonds  have  been  voted  in  the  sum  of 
$5,000,000,  reinforced  concrete  is  being  used  exclusively  where  the  sewers 
are  of  sufficient  size  to  warrant  it. 
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The  County  Infirmary  building-  was  huill  oi'  reinforced  concrete,  .ind  in 
such  steel  frames  as  have  been  constructed  by  the  city  it  is  used  exclusively 
for  the  lire-proofing'  and  i\oor  constructions. 


Reinforced  Concrete  Bridge  across  the  San  Joaquin  River,  California. 
Reinforced  Concrete  in  San  Francisco  and  Vicinity. 

V/c/n//^^'.  - -The  interior  cities  of  Sacramento,  Stockton,  San  Jose,  and  Santa 
Rosa  have  each  contributed  several  structures  in  reinforced  concrete,  and  in 
each  case  these  are  of  particular  importance  in  their  respective  cities.  Of  the 
above-mentioned  cities,  San  Jose  and  Santa  Rosa  were  severe  sufferers  from  the 
earthquake  and  fire.  In  the  city  of  Oakland  are  several  very  large  concrete 
buildings,  all  built  since  April,  1906.  The  City  Council  of  Oakland  have  just 
awarded  the  contract  for  the  construction  of  an  all  reinforced  concrete  wharf. 

Bridges. — Previous  to  1906  and  within  the  territory  included  in  this  dis- 
cussion, there  was  but  one  reinforced  concrete  bridge  of  any  magnitude.  This 
one  was  a  structure  consisting  of  ten  75-ft.  spans,  built  by  the  interior  counties 
for  highway  purposes.  This  bridge  caused  considerable  inclination  among  the 
county  officials  to  weigh  more  carefully  the  merits  of  concrete  bridges.  By 
persistent  efforts  the  concrete  men  are  being  able  gradually  to  convince  the  autho- 
rities that  the  extra  cost  of  concrete  bridges  over  steel  is  money  well  expended. 
The  result  is  that  there  exists  to-day  over  fifty  reinforced  concrete  county 
bridges,  ranging  in  magnitude  from  35  to  130  ft.  spans  in  a  section  that  four 
years  ago  contained  but  one.  There  is  now  being  constructed  by  one  of  the 
interior  counties  a  bridge  consisting  of  seven  200-ft.  spans. 

The  county  surveyors,  who  under  the  laws  of  the  State  of  California 
control  the  designing  of  bridges  for  the  county,  are  rapidly  becoming  advocates 
of  the  use  of  reinforced  concrete.  The  bridges  that  have  been  built  in  the 
interior,  which  embrace  flat  slabs,  girders  and  arches,  have  done  an  immense 
work  toward  educating  the  people  to  understand  the  possibilities  and  utility  of 
this  material.  Two  counties  of  California  have,  through  their  Board  of  Super- 
visors and  by  resolutions  of  the  latter,  committed  themselves  to  the  use  of 
reinforced  concrete  for  bridge  purposes  wherever  possible. 
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We  give  belotu  particulars  of  a  system  of  reinforced  concrete  'which,  although  neiv  to 
this  country,  has  been  used  •very  successfully  on  the  Continent  for  over  tiuel've  years. — ED. 


Mr.  Paul  Piketty,  formerly  of  the  Ecole  Polytechnique  (the  State  Training  College 
in  Paris  for  Engineers),  over  twehe  years  ago  founded  a  new  method  of  reinforced 
concrete  construction  known  as  tlie  "  Piketty  "  system. 

This  S3's-Lem  is  well  known  on  the  Continent,  and,  owing  to  the  development  of 
the  business  and  the  success  of  his  method,  Mr.  Piketty  decided  to  introduce  it  into 
the  United  Kingdom.  The  head  office  for  this  country  has  been  opened  at  14  to  18, 
Bloomsbury  Street,  London,  W.C.,  from  which  the  firm  of  Paul  Piketty  and  Co.  is 
transacting  business. 

In  the  "  Piketty  "  system  a  double  reinforcement  is  employed  consisting  of  round 
steel  bars  for  resistance  to  tensile  and  compressive  stresses,  and  of  U-shaped  loops  for 
resisting  shearing  stresses.  These  loops  are  placed  at  varying  angles.  They  are 
inclined  at  30  degrees  near  the  supports,  then  straightened  progressively  to  take  the 
vertical  position  towards  the  middle  of  the  beam.      Should    important  shearing  stress 
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Column  Reinforcement. 

Illkstrations  of  the  "  Piketty 


Fig.  2.     Column  Reinforcement. 
System  of  Reinforcement. 
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Fig.  3.     Reinforcement  of  Beams.  Fig.  4.     Reinforcement  in  Continuous  Beams  and  Slabs. 

Illustrations  of  the  "  Pikettv  "  System. 
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b3   met    with,   the  problem   of  reinforcini,'  according   to   tensile  directions   is  still   more 
exacting,  and  in  the  "  Piketty  "  system  a  second  disposition  is  adopted  which  consists 


Reinforced  Concrete  Viaduct  carrying  a  Railway. 


Grand  Stand  at  iJe  X'llieurlianne  Racecourse. 
Examples  oi    Work  on  the  "Piketty''  System. 

in  adding"  strong  loops  inclined  at  30  degrees  on  the  horizontal  to  vertical  loops.  The 
beam  is  therefore  reinforced  in  two  directions.  The  inclined  loops  or  stirrups  are  fixed 
around  the  bars  of  the  lower  member  and  locked  to  the  upper  reinforcement. 

The  slabs  in  this  system  are  also  composed  of  two  reinforcements;  the  bars  of  each 
one  are  generally  laid  at  right  angles  to  one  another. 

The  columns  may  be  square,  polygonal  or  circular  in  cross-section,  the  reinforce- 
ment consisting  of  longitudinal  bars  braced  at  intervals  bv  transverse  ties,  each 
composed  of  a  steel  rod  bent  around  each  longitudinal  bar  and  the  ends  turned  inwards, 
so  as  to  be  embedded  in  the  concrete  core  of  the  column. 

Fig.    I    shows   an   ordinary   square   pillar   or   column,    with    four   lines   of   vertical 
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reinforcement.  Fig.  2  is  a  round  column  witli  six  lines  of  vertical  reinforcement; 
laterals  are  in'ovided  in  ij;rcatcr  number  than  in  Fig.  1  in  order  to  raise  the  ultimate 
strength  by  preventing'  the  swelling  of  the  concrete  and  increasing  the  compressive 
resistance  of  the  same.     The  number  of  these  laterals  is  determined  bv  calrulation. 


Colonnade  at  Conlrexville. 
Examples  of  Work  on  the  "  Piketty  "  System. 

In  Fig.  3  is  shown  a  beam  with  three  series  of  bars — namely,  straight  bars,  bars 
bent  up  at  a  third  of  their  length,  and  bars  bent  up  at  a  sixth  of  their  length. 

When  there  is  a  limitation  as  regards  the  depth  of  a  beam,  or  when  it  is  necessary 
to  set  three  layers  of  bars  in  tension,  the  middle  layer  is  bent  up  at  a  sixth  of  its  length, 
so  that  the  reinforcement  may  be  better  embedded  in  the  concrete. 

Fig.  4  shows  an  assemblage  of  the  members  or  pieces  composing  the  floor — viz., 
pillar,  beam,  small  beams,  and  slab. 

The  principal  advantages  claimed  for  the  "  Piketty  "  system  are  : — 

(i)  That  the  sloping  portions  of  the  upward  bent  bars  in  beams  furnish  the  greater 
part  of  the  resistance  needed  against  stresses  due  to  negative  bending  moments  near 
the  supports  of  built-in  and  continuous  beams,  the  remaining  resistance  being  afforded 
by  the  upper  straight  bars,  around  which  the  ends  of  the  stirrups  are  turned. 

(2)  That  the  angular  disposition  of  the  stirrups,  varied  according  to  calculation  in 
each  case,  is  one  offering  the  most  effective  resistance  to  tension  on  diagonal  planes 
in  the  concrete. 

(3)  That  the  transverse  ties  in  column  reinforcement  have  the  effect  of  bracing  the 
longitudinal  bars  in  their  correct  positions  and  of  raising  the  ultimate  strength  by 
preventing  the  swelling  of  the  concrete  under  compression. 

Numerous  important  architectural  and  civil  engineering  works  have  been  carried 
out  by  this  firm  in  Europe  and  abroad.  Several  works  are  projected  and  in  progress 
in  this  countrv.  Their  contractors  have  been  specially  selected  as  having  experience  in 
the  successful  execution  of  contracts  for  Government  Departments  and  leading 
architects,  so  that  those  inviting  plans  may  rely  on  having  their  work  carried  out  by 
firms  of  repute. 

Messrs.   Paul   Piketty    and  Co.    invite  correspondence  on    all   matters  relating  to 
reinforced  concrete.     They  have  just  issued  an  illustrated  handbook  which  gives  every 
information  respecting  their  system  and  method  of  working. 
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BRIDGE  OVER  THE  ASHLEY  RIVER,  NEW  ZEALAND. 

By  E.  R.  MATTHEWS,  A.M.Inst.C.E. 

As  a  farther  instance  of  the  headivay  ivhich  reinforced  concrete  is  making  in  our 
over-seas  possessions,  'we  are  pleased  to  be  able  to  gi-ve  an  example  of  a  large  bridge 
'which  has  recently  been  erected  in  Ne'w  Zealand. — ED. 


-L^^'Jil^Aztjl? 


One  of  the  best  examples  of  the  use  of  reinforced  concrete  in  engineering  con- 
struction in  New  Zealand  is  undoubtedly  the  large  bridge  which  has  recently 
been  erected  across  the  Ashley  River,  near  Rangiora,  for  the  Ashley  Road 
Board. 

This  bridge  was  built  for  the  purpose  of  taking  the  place  of  an  existing 
timber  bridge  on  the  Main  North  Road.  It  is  1,025  ft.  long,  measured 
between  the  centres  of  the  piles  of  the  end  spans,  and  has  twenty-seven  piers, 
four  piles  being  driven  to  support  each  pier,  thus  making  a  total  of  108  piles. 
Eighty-four  of  these  are  28  ft.   long,  and  twenty-four  of  them  32  ft.   long. 
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Bi  idge  in  course  of  construction. 
Reinforced  Concrete  Bridge  over  the  Ashley  River,  New  Zealand. 
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Piling.  —  Tin-  piles  are  octagonal  in  shape,  and  the  reinforcement  of  each 
consists  of  eig"ht  i-in.  diameter  steel  vertical  rods,  bound  with  looped  hoopings 
and  sectionised  helical  wrappings,  these  being  the  patent  of  the  British  Re- 
inforced Concrete  Engineering  Co.  Ltd.  Each  pile  was  shod  with  a  steel- 
pointed,  wrought-iron  shoe,  and  in  the  top  and  bottom  3  ft.  of  the  piles  a 
larger  proportion  of  cement  w^ts  used  in  forming  the  concrete.  The  heads  of 
the  piles  were  protected  during  driving,  and  a  4-ton  monkey  was  used.  They 
were  driven  from  20  to  25  ft.  into  the  shingle  bed  of  the  river,  because  during 
floods  the  swift  stream  scours  its  bed  from  7  to  10  ft.  in  depth.  A  record  was 
kept  of  the  number  of  blows  required   in   driving  each   pile. 


Forms  and  steel  leHili.rcement  in  place. 
Reinforced  Concrete  Bridge  over  the  Ashley  Ri\er,  New  Zealand. 


Concrete.  —  The  cement  used  in  the  work  satisfied  the  tests  and  rccjuire- 
ments  set  out  in  the  Standard  Specification  for  Portland  Cement  compiled  by 
the  British  Engineering  Standards  Committee.  The  shingle  used  in  the  con- 
crete work  of  this  bridge  was  broken  to  the  required  size  by  a  stone-crusher,  the 
aggregate  consisting  only  of  good  hard  stone,  which  had  been  taken  from 
such  positions  in  the  river  bed  as  the  engineer  had  directed.  The  stone  chips 
that  were  used  were  also  screened,  so  that  the  aggregate  consisted  of  stones 
ranging  from  j  in.  to  i  in.  The  sand  used  was  coaise,  sharp,  grey  sand, 
capable  of  passing  through  a  sieve  ha^•ing  holes  of  i-ioin.  diameter,  but  being 
retained  on  one  having  holes  of  1-25  in.  diameter.  The  proportions  of  the 
concrete  were  as  follows  : — Piles. — One  part  cement,  2h  parts  stone  chips  (5  in. 
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to  \  in.), 
and  li  parts 
sand;  re- 
mainder of 
work  :  i  part 
cement,  i 
part  stone 
chips  (J  in. 
to  -^  in.l,  3 
parts  broken 
stone  not 
e  X  c  e  e  ding- 

1  in.,      and 

2  parts     of 
sand.        TItc 
stone   crush- 
i  n  g-       plant 
had     a    pro- 
per      rotary 
screen     for 
the        sizes 
s  p  e  c  i  fied, 
the         j   a   \v 
pLates  of  the 
crusher 
being     fitted 
with       H  ad- 
field's  (Shef- 
field) Special 
Hard      Era 
M  a  nganese 
steel.        A 
strong-    blast 
of     air     \\-;is 
dri\en    l^v    a 
fan    throug;h 
the      broken 
s  t  o  n  e    as 

t  h  e  latter 
dropped 
from  the 
jaws  of  the 
crusher, 
so  that  all 
dust  was 
entirely  re- 
moved ;  in 
fact,       the 
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(Just  was 
d    r    i    \-   e   n 

throuj^'-h        a 

linib(.T  trunk 
1 8  ft.  in 
Icnj^th, 

.IS         to 

t  i  r  e  1  y 
m  ()  V  e 
f  r  o  ni 


so 

en- 

re- 

i  t 

t  h  c 


n  e  i  ghbour- 
hood    of    the 
c  r  u  s  h  c  r. 
E\Lr\'     arris 
in    the    con- 
Crete      re- 
c  e  i  V  e  d     a 
i-in.     cham- 
fer,   and   the 
forms     were 
well     wetted 
before       the 
concrete  was 
d  e  p  o  sited. 
Great      care 
was       taken 
when     joint- 
i  n  g;       n  e  w 
concrete     to 
that       which 
had       b  e  e  n 
p  r  e  V  iously 
set,  the  face 
ot   the  latter 
bf-ing       well 
cleaned 
d     o    w     n  , 
hacked     and 
grouted,    the 
atter,      con- 
sisting-    of    I 
of  cement  to 
^     of     sand, 
laid     on     to 
the      consis- 
t  e  n  c  V       of 
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thick  cream.  After  these  precautions  had  been  tak.^  the  new  work  u-,s 
proceeded  with.  Immediately  the  concrete  had  been  laid  it  was  covered  up 
w,th    sacks    which    had    been    well    wetted,    so    as    to    prevent    the    sun    or    wind 

drying-  the  surface  of  the  concrete; 
after  it  had  well  set  the  concrete 
was  watered  every  two  hours  for  a 
period  of  four  davs.     Durino-  the  frostv 


weather  no  concreting-  was  proceeded 
with  after  4  o'clock  in  the  afternoon. 
It  was  also  well  covered  up  with  sacks 
to  pre\ent  damage. 

Timber. — The  timber  forms  were 
so  constructed  as  to  be  absolutely 
rig-id  ;  they  were  well  braced  and  fixed 
on  unyielding-  supports.  The  plank- 
ing- consisted  of  4  in.  by  li  in.  white 
pine,  bevel  edged,  wroug-ht  smooth, 
straig-ht  and  flat  on  the  concrete  side. 
It  was  well  soaked  with  raw  linseed 
oil  on  the  plain  side,  and  was  kept 
thoroughly  soaked  with  kerosene  and 
soap  mixture  throughout  the  time  that 
it  was  in  use,  so  as  to  prevent  the 
adhesion  of  the  concrete.  Studs  for 
the  support  of  the  planking  were  not 
less  than  4  in.  by  3  in.,  and  spaced 
not  more  than  2  ft.  h  in.  apart. 

Reinforcements. — The        ultimate 
strength  of  the   steel  was  specified  to 
be  not  less  than  58,000  lb.  per  sq.  in., 
nor  more  than  66,000  lb.  ;  the  elonga- 
tion to  be  not  less  than   20  per  cent, 
in  a  length  of  8  in.   of  test  bar.     The 
elastic   limit   to  be   not   less   than   half 
of  the  ultimate  strength.      These  tests 
were  made  in   England,   and  the  steel 
in  every  case  came  up  to  the  require- 
ments.       In     placing      the      reinforce- 
ments,   wires  were  used   to   tie   up  the 
reinforcement    in    its     exact    position. 
All  bars  were  hooped  together  besides 
being  bound  with  Xo.    14  wire  to  pre- 
vent   the    hooks    from    springing    out. 
W  here  bars  crossed  each  other  they  were  lashed  together  by  two  turns  of  Xo.  14 
wire.      Paragon    stirrups   were    used    throughout.      The   bars   were   to   be   well 
washed  with  caustic  soda  .solution,  if  necessary,  before  being  placed  in  position,  so 
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as  to  remove  any  diit,  paint,  or  grease.  They  were  also  well  brushed  down 
with  wire  brushes,  and  the  eoncrete  was  worked  in  around  the  bars,  special 
tools  being  employed  for  the  purpose.  All  ends  of  reinforcing  bars  were 
cranked  2  in.,  except  where  hooked,   the  metal  being-  bent  at   red   heat   onlv. 

Removal  of  Forms. —  No  forms  were  removed  until  a  period  of  fourteen 
days  had  elai^scd  since  the  setting-  of  the  concrete.  The  girders  were  rigidlv 
supported  for  twenty-eight  days.  All  concrete  work  was  stopped  sc|uare  over 
the  centre  of  a  support  and  formed  into  a  series  of  steps,  so  that  there 
would   ])v   a    proper  connection   and   bond   between    the   new    and   the    set   work. 

The  horizontal  steps  were  at  least 
2  ft.  wide,  and  the  vertical  oiies 
I   ft.   high. 

Finishing  of  Concrete  Sur= 
faces. —  lilt;  finished  surfaces  of  the 
concrete  were  not  plastered,  but  as 
great  care  had  been  taken  in  the 
erection  of  the  forms,  and  these  had 
been  so  close  jointed,  a  perfectly 
even  and  smooth  face  was  given  to 
the  finished  concrete  work  without 
the  need  of  plastering.  It  will  be 
remembered  that  this  is  the  Ameri- 
can method  of  completing  the  face 
of  concrete  structures,  and  one 
which  the  author  has  from  time  to 
time  advocated  in  this  country, 
especially  in  regard  to  the  finishing 
of  reservoir  walls  and  bottoms. 
The  plastering  of  such  work  he 
deprecates.  When  the  face  of  the 
work  had  been  properly  finished  it 
was  wetted  and  coated  over  with 
a  thin  coat  of  cement  grout, 
applied  with  a  white-wash  brush. 
I'lxpansion  joints  were  left  in  the 
concrete  where  shown  in  the  accom- 
panying illustration. 
Roadway  of  Bridge. —  The  length  of  this  roadway  is  1,027  ^^-^  'I'^d  the 
construction  of  same  is  shown  on. page  458;  2^  in.  broken  stone  was  used  for  the 
metalling  of  the  road,  and  the  width  of  the  latter  is  20  ft. 

Test  of  Bridge. — 1  he  Government  having  made  a  special  grant  in  aid  of 
the  construction  of  this  bridge,  required  that  it  should  be  tested  bv  driving  two 
traction  engines  side  by  side  over  the  bridge.  The  collective  weight  of  these 
was  30  tons,  and  the  maximum  deflection  in  the  centre  of  each  span  under 
this  test  load  barely  reached  one-fiftieth  of  an  inch. 

Conclusion. —  The  bridge  described  in  this  article  is,  with  the  exception  of 
the    fine    arched    Grafton    Bridge,    Auckland,    the    largest    reinforced    concrete 
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bridg'e  in  Xew  Zealand.  It  was  designed  by  and  erected  under  the  super- 
vision of  Mr.  F.  W.  Marchant,  M.Inst.C.E.,  of  Timaru,  Xew  Zealand,  the 
reinforcements  being-  supplied  by  the  British  Reinforced  Concrete  Engineering- 
Co.,  Ltd.,  of  Manchester,  and  reflects  great  credit  upon  them  both  as  regards 
design  and  construction. 

Another  reinforced  concrete  bridge  built  by  the  same  engineer  has  a  point 
of  special  interest.  This  is  a  bridge,  g6o  ft.  long  bv  20  ft.  wide,  ii-i  40  ft. 
spans,  built  across  the  Opihi  River,  S.  Canterbury,  Xew  Zealand.  It  has  no 
expansion  joint  in  the  centre.  Between  day  and  night  this  bridge  lengthens 
and  contracts  |  in.,  due  to  change  of  temperature.  There  is  no  crack  nor 
symptom    of   one   anywhere    in    it. 
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N.  RECENT  PAPERS  &  DISCUSSIONS. 


If  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method lue  are  adopting,  of  di'viding  the  subjects  into  sections,  is,  ive  believe,  a 
neiv  departure.  — ED. 

THE  INSTITUTION  OF  WATER  ENGINEERS. 

PORTLAND    CEMENT    ON    PUBLIC    WORKS. 

Paper  by  GERALD  THORNHILL   EDWARDS.  Assoc.M.Inst.C.E. 

Ilie  following  is  an  abstract  of  a  paper  recently  read  by  Mr.  Gerald  Thornhill  Edi^<ards, 
A.M. Inst. C.E.,  before  a  meeting  of  the  Institution  of   Water  Engineers. 

Civil  engineering  in  all  its  branches  is  at  the  present  time  so  dependent  on  the  use 
of  Portland  cement,  that  a  thorough  knowledge  of  the  qualities  of  this  sensitive 
material  is  absolutely  essential  to  a  practical  engineer. 

During  the  last  few  years  there  have  been  many  improvements  in  the  manufacture 
of  Portland  cement,  the  most  notable  being  the  introduction  of  rotary  kiln  burning  and 
fine  grinding.  These  improvements,  in  addition  to  cheapening  the  production,  and 
consequently  widening  the  demand,  have  introduced  new  problems  for  both 
manufacturer  and  user. 

It  is  the  author's  intention,  in  this  paper,  to  enumerate  the  different  tests  which 
should  be  carried  out  in  order  to  ensure  only  perfectlv  sound  cement  being  used ;  to 
explain  why  such  tests  are  necessary ;  and,  further,  to  comment  generally  on  the 
properties  and  use  of  Portland  cement. 

Laboratory  on  Works.  —  A  cement-testing  laboratory  should  consist  preferably 
ot  three  rooms.  One  of  these  must  be  so  constructed  that  its  temperature  can,  by 
means  of  some  simple  contrivance  such  as  an  oil  stove,  be  so  regulated  that  it  never 
falls  below  58  deg.  nor  rises  above  64  deg.  Fahrenheit.  This  room  must  be  absolutely 
free  from  all  draughts.  In  it  there  should  be  a  slate  slab  on  which  the  cement  and 
water  can  be  mixed,  rows  of  shelves  where  briquettes  and  pats  may  be  kept  in  glass 
dishes,  damp  boxes  in  which  newly  made  pats  may  be  placed,  and  the  initial  set  testing 
instrument. 

The  second  room  is  a  small  one,  and  used  as  an  office  for  writing  uj)  the  results 
of   tests,  checking  cement  consignments,  etc. 

The  third  room  should  be  set  apart  for  carrying  out  the  boiling  and  all  mechanical 
tests,  with  the  exception  of  the  initial  set  test,  and  should  contain  all  the  various 
machines  and  ap[)liances  required  for  the  purpose. 

Chemical  Analysis.  —  A  representative  sample  from  each  parcel  of,  say,  fifty  or 
100  tons  should  be  analysed,  and  the  result  compared  with  the  specified  analysis. 

The  usual  proportions  of  the  principal  component  parts  of  Portland  cement  are 
lime,  62  per  cent,  to  65  per  cent.  ;  silica,  18  per  cent,  to  20  per  cent.  ;  and  alumina, 
()  per  cent,  to  8  per  cent. 

The  analvsis  should  not  show  more  than  3  per  cent,  of  magnesia,  2'75  jxr  cent, 
(if  sulphuric  anhydride,  and  t  per  cent,  of  insoluble  residue. 

The  principal   development  of  recent  years  has  been  the  increased  percentage  of 
lime  in   the  better   class  cement.      A   few  years  ago  60  per  cent,   was    considered  the 
outside  limit,    while   it    is   quite    common    nowadays    to   find    sound    cement    containing 
64   per  cent,  of  lime. 
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Care  should  be  taken,  however,  that  no  more  lime  is  contained  than  will  combine 
with  the  silica  and  alumina  present,  and  the  chemical  formula  for  this,  given  in  the 
British  standard  specification,  should  be  strictly  complied  with,  otherwise  free  lime  will 
be  found  in  the  product. 

The  specific  gravity  should  be  not  more  than  3'25  and  not  less  than  3' 15  when  the 
cement  is  freshly  ground. 

Fineness.  —  Modern  engineers  specify  a  degree  of  fineness  that  would  have  filled 
with  dismay  the  manufacturers  of  twenty  years  ago. 

At  that  time  the  usual  fineness  test  was  that  the  cement  should  pass  through  a 
76  by  76  sieve — i.e.,  one  having  5,776  meshes  to  the  square  inch — with  not  more  than 
10  per  cent,  residue.  At  the  present  time  it  is  quite  common  to  specify  not  more  than 
10  per  cent,  residue  on  a  sieve  having  32,400  meshes  to  the  square  inch. 

Initial  Set, — To  conduct  this  test,  neat  cement  is  mixed  with  as  much  water  as 
will  ensure  a  standard  consistency,  which  can  be  gauged  by  a  standard  plunger;  the 
mixture  being  filled  into  a  mould  resting  on  glass  and  then  placed  in  the  constant 
temperature  room  in  a  position  free  from   draughts. 

From  time  to  time  the  pat  must  be  placed  under  the  needle  used  for  testing  the 
initial  set.  The  British  standard  specification  fixes  the  initial  set  as  taking  place 
when  the  needle  fails  to  penetrate  to  the  botom  of  the  mould.  This  is  not  correct  in 
the  case  of  some  slow-setting  cements,  which  have  a  kind  of  false  initial  set,  as  they 
resist  the  needle  at  about  i  millimetre  above  the  bottom  of  the  mould  and  remain  in 
ttiat  condition  for  some  time,  and  in  some  cases  for  an  hour  or  two. 

Now,  the  larger  the  mould,  the  nearer  the  approach  to  working  conditions. 
Unfortunately,  however,  the  size  of  mould  is  limited  by  the  amount  of  quick-setting 
cement  that  a  man  can  handle.  It  has  been  found  in  practice  that  the  best  size  of 
mould  is  i|  in.  deep,  4!  in.  diameter  at  the  top,  and  4  in.  diameter  at  the  bottom, 
made   of  |-in.   iron. 

Before  commencing  this  test,  care  should  be  taken  that  the  air,  mould,  water, 
and  cement  are  at  the  same  temperature — between  58  deg.  and  64  deg. 

The  sample  must  be  exposed  in  the  constant  temperature  room  for  twenty-four 
hours  before  testing. 

'ITie  Vicat  needle  is  the  instrument  generally  used  for  obtaining  the  initial  set; 
but  some  modification  of  it  is  undoubtedly  necessary,  as,  owing  to  the  fact  that  the 
needle  has  to  be  lowered  by  hand,  the  personal  element  is  bound  to  creep  into  the 
result.  This  difficultv  is  completely  overcome  by  the  simple  contrivance  of  attaching  a 
string  to  the  top  of  the  needle  and  leading  it  over  a  couple  of  pulleys  to  a  small  reel. 
By  turning  the  handle  of  this  reel  the  needle  can  be  lowered  at  the  same  rate  and  with 
exactlv  the  same  force  every  time. 

The  initial  set  of  any  consignment  of  cement  should  be  regulated  according  to  the 
conditions  under  which  the  cement  is  to  be  used.  Thus,  if  an  engineer  is  putting  in 
concrete  under  water  he  should  order  quick-setting  cement,  and  if  he  is  building  a  dam 
where  the  wet  concrete  is  shovelled  about,  punned,  and  trampled  upon  for  an  hour 
after  mixing,  he  should  order  a  slow-setting  cement.  In  other  words,  the  time  between 
the  gauging  and  initial  set  must  be  longer  than  the  interval  ni-ccs-~ar\-  to  allow  of 
the  concrete  being  placed  in  its  final  position. 

Sfirinicage.  —  It  will  be  noticed  that  the  mould  referred  to  above  is  tapered,  being 
4I  in.  diameter  at  the  top  and  4  in.  diameter  at  the  bottom.  The  reason  for  the  taper 
is  that,  if  made  so,  a  test  for  shrinkage  may  be  carried  out  with  little  trouble. 

There  is  no  shrinkage  test  mentioned  in  the  British  standard  specification,  but  it 
is  important,  as  shrinkage  often  occurs,  and,  if  not  detected,  is  liable  to  produce 
contraction  cracks  in  concrete. 

It  is  readilv  cured  bv  a  few  days'  aeration — a  fact  which  denotes  that  the  fault  is 
due  simplv  to  immaturity  of  the  cement. 

Final  Set.  —  It  is  only  necessary  to  touch  lightly  on  the  question  of  final  set, 
because  it  is  of  very  little  practical  use,  and  also  because  the  method  of  conducting  the 
test  is  unscientific  and  arbitrary.  The  final  set  is  said  to  take  place  when  the  needle 
fails  to  make  an  impression  on'  the  pat,  but  a  mark  which  is  perceptible  to  one  person 
may  be  quite  imperceptible  to  another. 

A  far  better  test  is  to  ascertain  the  pressure  necessary  to  penetrate  with  a  standard 
drill  a  standard  distance  into  the  block.  By  this  method  the  dme  necessary  for  any 
cement  to  obtain  a  standard  degree  of  hardness  can  be  ascertained. 
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Soundness  Tests. —  Tlic  soundness  tt-sls  arc  best  conducted  in  the  following; 
manner  :   - 

Take  8  ounces  of  cement,  mix  with  26  per  cent,  of  water  (rather  more  if  quick- 
setting),  work  up  quickly  into  a  stiff  paste  and  divide  into  four  equal  portions.  Place 
the  first  three  on  pieces  of  glass  and  work  up  with  a  trowel  into  smooth  round  pats, 
leaving  them  about  half  an  inch  thick.  Piit  one,  the  "  air  "  pat,  in  a  place  free  from 
draughts  and  of  even  temperature;  the  next,  the  "  boiling  "  pat,  into  a  damp  box  or 
iiumid  chamber  for  48  hours.  Allow  the  third,  called  the  "  water"  pat,  to  remain  in 
the  air  until  a  skin  has  formed,  then  place  it  in  water  of  a  tcm[)i'ratiire  not  less  than 
58  deg.  and  not  more  than  64  deg.   Fahrenheit. 

Take  the  remaining  portion  of  cement  and,  with  the  addition  of  a  few  drops  of 
water,  work  it  uj)  and  fill  a  Chatelier  mould,  then,  with  glasses  on  the  top  and  bottom, 
weight  it  and  place  in  water  of  the  same  temperature  as  the  above  for  48  hours, 
afterwards  boiling  it  for  six  hours  with  the  "  boiling  "  pat  before  mentioned. 

"Air"  Pat. —  After  the  expiration  of  48  hours  examine  this  carefully,  and 
if  it  is  wrinkled  or  shows  small  hair-like  cracks,  it  will  be  evidence,  in  the  former 
case,  of  shrinkage  or  contraction  of  the  cement,  and,  in  the  latter  case,  of  thr  presence 
of  free  lime.  Of  late  years,  since  the  introduction  of  scientific  methods  of  manufacture, 
one  rareh'  meets  with  a  cement  so  lacking  in  combining  qualities  as  to  show  cracks 
in  this  test ;  nevertheless,  if  they  are  observed,  the  presence  of  free  lime  will  be 
confirmed  by  the  cracking  and  warping  of  the  '"  water  "  pat,  by  expansion  in  the 
"  Le  Chatelier  "  test  of  more  than  4  millimetres,  and  also  by  signs  of  disintegration 
and  soddenness  in  the  "  boiling  "  pat. 

If  the  test  is  not  confirmed  in  this  way,  it  will  generally  be  found  that  an 
unobserved  current  of  air,  or  the  overheating  of  the  room  has  brought  about  too  rapid 
evaporation,  and  consequently  caused  the  pat  to  be  defective. 

"Water"  Pat. — After  48  hours'  immersion  the  pat  should  be  found  to  be  firmly 
stuck  to  the  glass  at  the  edges  and  no  crack  or  blemish  should  be  visible. 

If  small  and  superficial  cracks  appear  at  the  top  or  edges,  but  the  pat  adheres 
firmly  to  the  glass  and  the  other  tests  are  satisfactory,  it  may  be  safely  assumed  that 
the  disturbance  owes  its  origin  to  an  undue  proportion  of  the  gypsum  present  in  the 
sample,  being  brought  to  the  surface  in  the  process  of  forming  and  patting. 

Some  sound  cements  will  not  endure  in  this  test  the  unbalancing  of  their 
constituent    parts. 

On  the  other  hand,  if  the  pat  is  cracked  through,  warped,  or  lifted  from  the  glass 
at  the  edges,  there  can  be  no  doubt  that  the  sample  is  immature.  The  proof  of  this 
lies  in  the  fact  that  such  a  sample  can  always  be  made  perfectly  sound  and  able  to 
pass  this  test  by  a  simple  process  of  aeration. 

" Boiling  "  Teat.—  If  there  is  perefect  combination  in  setting,  this  pat  should  dry 
almost  instantaneously  on  being  taken  from  the  boiling  water,  and  have  a  sharp 
metallic   ring  when  struck. 

On  the  contrary,  if  the  pat  has  a  sodden  appearance  or  a  network  pattern  shows 
as  the  water  dries  off,  or,  worse  still,  if  obvious  cracks  appear,  it  is  a  sure  sign  of 
immaturity  and  consequently'  of  a  lack  of  perfect  combination. 

Le  Chatelier  Test. —  If  the  distance  between  the  points  of  the  mould  when 
measured  after  boiling  is  more  than  4  millimetres  greater  than  the  measurement 
before  boiling,  the  cement  is  probably  immature,  and  this  will  generally  be  corrobo- 
rated by  the  water  and  boiling  tests. 

If  the  expansion  is  only  one  millimetre  or  less,  it  will  usually  be  found  that  there 
is  perceptible  shrinkage  in  the  cement,  and  confirmation  of  this  must  be  sought  in 
the  tapered   ring  mould  test. 

Tensile  Tests.  —  Briquettes  for  tensile  tests  are  made  in  two  forms — namely, 
(i)  neat  briquettes  {i.e.,  neat  cement  mixed  with  water  only),  and  (2)  sand  briquettes, 
made  of  one  part  of  cement  and  three  parts  of  standard  sand. 

The  advent  of  fine  grinding  has  been  the  death  of  the  neat  tensile  test,  for  it  has 
been  established  that  neat  briquettes  made  from  very  finely  ground  cement  are  weaker 
at  certain  ages  than  the  same  cement  coarsely  ground.  Such  a  conclusion  is  very 
misleading,  and  the  sand  compression  tests  prove  that  the  neat  tensile  tests  are 
inaccurate. 

Now,  with  regard  to  the  sand  tensile  test,  it  has  been   found  by  experiments  that 
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tlie  personal  element  enters  very  largely  into  the  making  of  briquettes,  so  that  there  is 
great  difference  between  the  results  obtained. 

Moreover,  it  is  impossible  to  standardise  this  test,  for  each  sample  requires  a 
different  percentage  of  water,  and  only  an  expert  can  tell  how  much  water  should  be 
used  for  any  particular  cement.  Any  increase  in  this  amount  of  water  brings  about 
a  marked  decrease  in  the  initial  strength  of  the  hardened  specimen. 

Taking  all  these  facts  into  consideration,  how  can  it  be  argued  that  the  tensile 
test  gives  one  any  idea  of  the  compressive  strength  of  concrete  ? 

More  important  than  this,  however,  is  the  fact  that  the  tensile  test  altogether  fails 
to  reveal  a  defect  that  unfortunately  appears  occasionally  in  some  of  the  modern 
cements — namely,  the  hardening  of  the  outside  skin  while  the  interior  of  the  cement 
remains  quite  soft.  A  tensile  briquette  has  a  periphery  of  4  in.,  while  its  cross 
section  is  only  i  sq.  in.  ;  so  that,  assuming  each  of  the  four  surfaces  hardens,  the 
strength  of  the  briquette  will  be  almost  as  high  as  if  it  had  hardened  right  through. 

A  cement  may,  therefore,  pass  the  British  standard  specification  tests,  although  it 
has  this  very  serious  defect,  and  it  would  seem  that  the  only  method  of  detecting  it  is 
to  bore  through  a  pat,  measuring  the  penetration  and  the  resistance. 

This  constitutes  a  test  for  hardening,  which  can  be  conducted  after  either  24 
or  48  hours.  Tlie  test,  being  made  on  a  small  neat  cement  pat,  is  verv  much 
accelerated,  and  the  result  is  comparable  with  the  state  of  the  concrete  at  about  a  week 
old. 

Apparently,  then,  the  only  reason  why  the  tensile  test  should  not  be  superseded 
by  a  hardening  test  is  that  no  standard  hardening  strength  has  yet  been  established ; 
but  that  is  only  a  minor  matter  and  can  easily  be  remedied  in  a  verv  short  time. 

Hardening.  —  A  test  of  the  initial  hardening  of  Portland  cement  is  urgently 
needed  and  would   be  very  useful   for  the  following  reasons  : — 

(i)  It  would  take  the  place  of  the  final  set  test. 

(2)  It  would  reject  defective  cement  which  hardens  onlv  on  the  surfaces. 

(3)  It  would  give  a  better  idea  of  the  comparative  strength  of  the  sample  than 

the  tensile  test   does. 

(4)  It  would  enable  a  user  to  differentiate  between  quick  and  slow  hardening 

cements;  and 

(5)  It  could  be  standardised. 

Reasons  (i),  (2)  and  (3)  have  already  been  referred  to. 

Coming  to  the  fourth  reason,  it  may,  perhaps,  be  as  well  to  state  first  that  set  tin  o 
and  hardening  are  not  synonymous  terms.  The  two  properties  are  totallv  different, 
and  seem,  in  point  of  time  at  any  rate,  to  have  no  connection  with  each  other.  There 
is,  however,  a  sort  of  general  law,  which  has  been  established  bv  numerous  experi- 
ments, that  given  two  samples  of  the  same  make  of  cement,  one  quick  setting  and 
the  other  slow  setting,  the  quick  setting'is  the  slower  hardening. 

For  structural  concrete  work  over  centres,  between  shutters,  and  in  deep  heavy 
trenches,  a  quick-hardening  cement  is  essential.  In  placing  a  contract  for  such  v.ork, 
the  usual  practice  hitherto  has  been  to  order  a  quick-setting  cement,  under  the 
impression  that  this  would  ensure  quick  hardening.  But  this  has  been  proved  above  to 
be  quite  an  erroneous  idea,  although  some  quick-setting  cements  mav  give  good 
hardening  results. 

It  is  impossible  to  know  whether  a  cement  hardens  quicklv  or  slowlv,  unless  it 
undergoes   a  hardening"  test. 

Passing  to  the  fifth  reason,  when  the  size  of  the  initial-set  jjat  has  been  fixed, 
that  set  will  be  standardised.  The  pat  used  in  ascertaining  the  initial  set  can  a'.so  be 
used  for  the  hardening  test.  ^ 

Aeration. — The  question  whether  cement  should  or  should  not  be  aerated  is 
always  a  bone  of  contention  on  big  public  works.  Up  to  quite  recently,  most  engineers 
specified  that  all  their  cement  should  be  aerated. 

Manufacturers,  nowadavs,  are  willing  and  eager  to  guarantee  their  particular 
product  as  readv  for  immediate  use ;  but,  even  in  the  best  brands,  one  often  comes 
across  some  little  defect  that  is  readily  cured  by  a  few  days'  aeration. 

Apart,  however,  from  anv  advantage  gained  in  the  quality  of  a  cement  bv  aeration, 
comes  the  question,    Is   it   1  conomical  ?     It   is,   of  course,    a   well-established   fact   that 
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aeration  increases  the  bulk  of  dry  cement ;  but  what  may  not  be  so  weU  known  is,  that 
cement  also  increases  in  weij^ht  during  aeration,  through  absorption  of  moisture  from 
the   atmosphere. 

Further,  aerated  cement  requires  more  water  to  combine  properly  than  non-aerated. 

Experiments  have  been  carried  out  to  ascertain  the  degree  of  increase  in  weight 
and  bulk,  and  these  tests  show  that,  dufe  to  aeration  only,  the  increase  in  weight  is 
3  per  cent.,  in  bulk  ii  per  cent.,  and  in  bulk  of  neat  cement  mortar  8^  per  cent. 

By  the  courtesy  of  Mr.  G.  N.  Yourdi,  M.Inst.C.E.,  the  author  is  enabled  to  state 
in  relation  to  the  aerating  shed  of  the  Birmingham  Corporation,  in  the  Elan  Valley, 
that  there  were  booked  out  of  the  shed  about  2,000  tons  more  than  were  received  into 
it,  therefore,  on  paper,  the  gain  in  passage  through  the  shed  was,  say,  2,000  tons,  or 
i§  per  cent. 

This  apparent  gain  may  or  may  not  have  been  wholly  due  to  aeration.  The  bags 
sent  out  of  the  shed  were  supposed  to  be  full  weight,  and  liable  to  be  checked  at  any 
time  by  one  of  the  engineers.  Then,  again,  considerable  waste  often  occurs  in  an 
aerating  shed,  due  to  the  flour  being  carried  away  by  the  draughts,  or  on  men's  clothes 
and  railway  wagons. 

Measurement  of  Cement  when  making  Concrete.  —  The  author  cannot  too 
strongl}-  deprecate  the  existing  practice  of  measuring  cement  by  volume  instead  of  by 
weight.  It  affords  an  astute  contractor  a  splendid  opportunity  of  making  a  handsome 
and  perfectly  legitimate  profit  at  the  expense  of  the  quality  of  the  work. 

The  usual  practice  in  this  country  is  to  specify,  in  regard  to  concrete,  that  it  shall 
consist  of  certain  proportions  of  cement,  sand  and  broken  stone,  and  that  proper  gauge 
boxes  for  measuring  these  proportions  are  to  be  furnished ;  in  other  words,  the  cement 
is  to  be  measured  by  volume. 

Such  a  clause  is  a  source  of  joy  to  an  experienced  contractor,  because  he  knows 
that,  by  careful  management,  he  can  make  90  to  95  tons  go  as  far  as  the  100  tons  of 
an  inexperienced  man. 

This  saving  is,  of  course,  effected  at  the  expense  of  the  qualitv  of  the  work. 

It  is  difficult  to  see  an}^  reason  for  continuing  the  present  practice  of  measuring 
cement  by  volume,  especially  when  it  is  so  much  easier  and  simpler  to  measure  by 
weight.  The  manufacturer  weighs  the  cement  and  is  prepared  to  guarantee  that  each 
bag  weighs  so  many  pounds,  therefore  each  bag  contains  a  known  quantity  and 
does  not  need  to  be  reweighed. 

If  engineers  would  specify  that  concrete  shall  consist  of  certain  proportions  of 
cement,  sand  and  stone,  the  cement  to  be  measured  by  weight  and  gauged  with  the 
sand  and  stone  on  the  basis  that  one  cubic  foot  of  cement  weighs  90  lb.,  the  contractor 
could  easilv  make  his  ballast  box  or  hopper  to  suit  either  one  or  two  bags  of  cement 
and  no  measurement  or  weighing  would  be  necessary. 

THE    DISCUSSION. 

The  President  (.Mr.  Edward  Saademan)  said  he  was  afraid  it  was  rather  difficult  for 
anyone  who  had  not  had  to  deal  with  large  masses  of  cement  to  discuss  the  paper.  There  were 
man\^  interesting  points  in  it ;  and  one  of  the  most  interesting  referred  to  the  matter  of  quick- 
setting  cement  being  a  slow-hardening  one.  This  was  really  a  remarkable  feature,  because  it 
had  been  the  accepted  view  that  a  quick-setting  cement  was  a  quick-hardening  one.  It  was 
quite  an  anomaly.  He  (the  President)  thought  it  would  be  found  in_  practice  that, 
as  Mr.  Edwards  said,  if  one  wanted  a  cement  for  use  in  tunnelling  work,  where 
concrete  was  employed  to  support  the  roof,  a  quick-setting  cement  should  not  be  used, 
but  a  slow-setting  cement  which  was  quicker  in  hardening,  because  what  was  wanted 
was  immediate  strength.  There  was  one  interesting  experiment  Mr.  Edwards  had  not 
referred  to.  It  was  made  some  time  ago ;  and  it  showed  in  what  way  they  could 
find  out  interesting  matters  connected  with  cement  by  observation  even  on  a  small  scale.  He 
referred  to  the  initial  set  of  cement.  On  his  own  works  they  had  had  several  batches  of 
cement  which  varied  very  much.  With  rotary  cement  it  was  found  that  the  initial  setting 
point  was  almost  immediate.  It  set  almost  as  soon  as  it  was  mixed  with  water  ;  whereas  the 
old  chamber  cement  took  about  ten  minutes  ordinarily  when  new.  Thej-  had  some  cement 
which  had  an  initial  set  of  three  minutes  and  some  which  had  an  initial  set  of  about  fifteen 
minutes.  It  struck  him  as  an  interesting  point  to  be  tested,  what  would  happen  if  one  used 
together  these  two  cements  with  different  initial  sets.  An  experiment  was  made  by  putting 
half  of  the  one  and  half  of  the  other   together;   and  it  produced  a  cement  which  set   in  nine 
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minutes.  So  far  as  could  be  observed,  there  seemed  to  be  do  disadvarttage  in  mixing  the 
cements  with  diflerent  initial  sets  of  this  sort.  Since  the  introduction  of  rotary  cement 
there  had  been  several  changes  in  the  behaviour  of  cement.  In  the  first  place,  the  initial  set, 
as  he  had  pointed  out,  had  become  quicker  ;  and  it  was  necessary  now,  if  new  rotary  cement 
was  used,  either  that  it  should  have  been  dealt  with  by  gypsum,  thus  lengthening  the  set,  or 
that  it  should  have  been  hydrated,  or  that  the  clinker  should  be  hydrated. 

Dr.  H.  Lapworth  (Derwent  Valley  Works)  remarked  that  most  of  them  had  found  the 
old  cement  tests  were  unsatisfactory  ;  but  no  one  had  been  able  to  remedy  them.  The  late 
Dr.  Deacon  did  not  believe  in  tension  tests;  and  he  had  a  very  elaborate  compression  test 
which  gave  satisfactory  results.  The  hardening  tests  described  by  Mr.  Edwards  were  new  ; 
and  he  (Dr.   Lapworth)  believed  in  them. 

Mr.  J.  S.  Pickering  (Cheltenham)  said  the  author  had  referred  to  shrinkage  tests.  His 
suggeston  of  the  taper  ring  to  ascertain  the  shrinkage  was  novel,  so  far  as  he  (Mr.  Pickering) 
was  concerned.  It  seemed  to  him,  however,  to  be  a  simple  and  effective  method.  The  various 
suggestions  in  the  Paper  were  very  valuable,  particularly  those  relating  to  the  hardening 
tests.  They  all  found  that  some  such  test  as  that  was  very  desirable.  He  did  not,  however, 
agree  with  the  author  that  one  could  get  almost  an  equally  good  tensile  test  by  merely  harden- 
ing the  periphery  of  a  briquette  as  one  would  by  a  thorough  hardening.  The  tensile  strain 
must  depend  upon  the  consistency  of  the  hardening  throughout.  He  thought  the  time  would 
come  when  it  would  be  felt  that  the  cement  which  was  supplied  from  the  manufacturers  by 
the  latest  process  of  manufacture  might  not  necessitate  aeration.  He  did  not  think  it  neces- 
sary to  advocate  aeration  merely  on  economical  grounds,  except  in  very  large  works ;  and 
even  there  he  did  not  believe  it  was  worth  all  the  labour  put  into  it.  He  also  thought  it  an 
important  point  in  mixing  concrete  to  specify  the  weight  of  the  cement  instead  of  the  volume. 
It  was  a  practice  they  ought  all  to  adc-pt.  The  present  method  of  specifying  the  proportions 
by  volume  should  be  changed  to  weight. 

Mr.  Ashton  Hill  (South  Staffordshire  Water-Works  Company)  alluded  to  the  drills  used 
by  the  author,  inquiring  how  he  found  them  answer.  Cement  was  not  a  nice  material  to  drill ; 
and  it  seemed  to  him,  if  he  drilled  many  samples  with  the  same  drill  he  would  get  different 
results  with  only  the  same  weight  on  it. 

Mr.  Edwards  said  they  had  had  a  drill  working  every  day  on  about  six  samples  for  over 
three   months  ;   and   the   difference  was  verv   slight. 


THE  INSTITUTION  OF   CIVIL  ENGINEERS. 

Belon.'  ive  give  sumtnarics  of  tn.'o  Papers  recently  read  before  tJie  I}isiiiii',ion  of  Civil 
liiigiiiecrs. 

THE  DIRECT  EXPERIMENTAL  DETERMINATION  OF 
THE  STRESSES  IN  THE  STEEL  AND  IN  THE  CON- 
CRETE OF  REINFORCED   CONCRETE   COLUMNS. 

By  W.  C.  POPPLEWELL.  Assoc.M.Inst.C.E. 

In  carrying  out  the  experiments  described  in  this  Paper  the  author  sought  for  a 
satisfactor}'  method  of  measuring  the  shortening  of  the  steel  bars  and  the  simultaneous 
shortening  of  the  adjacent  concrete  under  the  loads  applied  to  reinforced  columns. 
From  these  measurements,  if  they  were  reliable,  he  thought  it  would  be  possible  to 
calculate  the  stresses  in  the  steel  and  concrete,  when  the  elastic  moduli  for  the  two 
materials  were  known.  It  was  also  thought  that  measurements  made  in  this  way 
would  be  the  means  of  revealing  any  movement  of  the  steel  relatively  to  the  concrete. 

The  main  experiments  were  carried  out  on  five  columns  6  in.  square,  each  rein- 
forced by  four  round-steel  bars  f  in.  in  diameter.  Loads  were  applied  in  a  testing- 
machine,  and  corresponding  shortenings  of  the  steel  and  concrete  were  measured  by 
means  of  Martens  extensometers.  For  the  steel  these  were  applied  to  the  ends  of  pairs 
of  pins  projecting  from  the  reinforcing  bars  through  holes  in  the  concrete,  and  for 
the  concrete  they  were  applied  to  the  surface  as  near  as  possible  to  the  steel.  From 
the  results  of  the  experiments,  four  pairs  of  curves  were  plotted  for  each  column,  one 
pair  for  each  of  the  bars.  These  curves  are  given  in  full  detail  in  the  Paper  and  their 
peculiarities  are  discussed. 

Besides   the   main  experiments,  others  were   carried  nut   to  compare   the  effect  of 
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loading  when  the  load  was  uniformly  distributed  over  the  end  of  the  column  and  when 
it  was  applied  in  the  centre.  This  enabled  a  comparison  to  be  made  between  the  effect 
of  havinj^  the  load  transmitted  directly  to  the  ends  of  the  bars,  and  havini^  it  com- 
municated to  the  bars  throui«h  the  holding  grip  of  the  concrete.  The  result  showed 
practically  no  difference.  The  experiments  to  fif\d  out  the  value  of  the  modulus  for  the 
steel  and  the  concrete  yielded  values  '  respctively  of  30,200,000  lb.  and  1,535,000 
per  sq.  in. 

A  further  set  of  ex|jerimenls  carried  i)ut  to  determine  the  intensit\-  of  the  fricliunal 
grip  of  the  concrete  on  the  steel  resulted  in  values  ranging  from  300  to  600  lb.  per  sc|. 
in.  of  bar  surface,  to  cause  slipping.  The  stresses  in  the  steel  and  concrete,  calculated 
for  a  working-load  of  13^  tons  which  the  columns  were  designed  to  carry,  were  found 
to  be,  respectively,  437  lb.  and  8,650  lb.  per  sq.  in.  This  gives  a  load  on  each  bar  of 
1-7  ton,  and,  comparing  this  with  the  load  required  to  push  one  of  the  bars  through 
the  concrete,  as  found  from  the  experiments  on  frictional  grip,  it  is  evident  that  from 
this  point  of  view  there  could  not  have  been  any  slipping  of  the  steel  in  the  concrete. 

The  author  considers  that  the  manner  in  which  the  strain  measurements  were 
made  proved  very  satisfactory,  and  that  the  method  might  be  extended  to  other  cases. 
A  careful  inspection  of  the  plotted  diagrams  appears  to  show  that,  when  all  the  effects 
of  eccentric  loading  have  been  eliminated,  there  is  no  evidence  to  indicate  that  slipping 
took  place;  and  it  is  evident  that  in  columns  of  this  kind  made  up  with  plain  smooth 
bars  the  two  materials  behave  like  one  so  far  as  their  strain  effects  are  concerned. 


COMPOSITE  COLUMNS  OF  CONCRETE  AND  STEEL. 

By  WILLIAM  HUBERT  BURR.  M.Inst.C.E. 

The  effect  of  a  concrete  filling  on  increasing  the  carrying-capacity  of  a  steel  column 
having  never  been  suflficiently  investigated,  the  present  series  of  tests  w.ere  carried  out 
by  the  author.  The  columns  tested  consisted  first  of  two  types  of  built-up  columns 
of  plain  steel,  and  secondly  of  exactly  similar  steel  members  filled  with  concrete.  The 
reinforced  concrete  columns  were  filled  with  1:2:4  concrete,  and  were  tested  at  three 
months.  The  steelwork  consisted  in  one  case  of  four  vertical  steel  angle-bars  arranged 
as  the  four  corners  of  a  square  and  braced  together  with  lattice  bars  to  form  a  square 
column  6|  in.  in  exterior  dimensions,  and  in  the  second  case  of  four  vertical  channels 
arranged  with  their  flats  forming  four  opposite  sides  of  an  octagon  and  wrapped  at 
intervals  with  batten  plates  bent  round  in  the  form  of  an  octagon  7^  in.  across  the 
flats.  Only  the  concrete  lying  within  the  exterior  dimensions  of  the  steeKvork  was 
included  in  the  calculations.     All  the  columns  were  7  ft.  long. 

Four  of  each  tvpe  were  tested,  two  filled  with  concrete  and  two  without  concrete 
The  plain  steel  columns  withstood  an  average  total  load  of  67  tons  on  an  area  of  4 
sq.  in.  in  the  case  of  the  angle  construction  before  failure;  and  of  68  tons  on  an  area 
of  4-76  sq.  in.  in  the  channel  construction,  which  was  not  so  securely  braced. 

The  addition  of  concrete  increased  the  maximum  loads  before  failure  to  an 
average  of  98  tons  on  a  total  combined  area  of  42*25  sq.  in.  in  the  angle  reinforcement, 
and  to  96  tons  and  112  tons  respectively  on  an  area  of  49"75  sq.  in.  for  the  two  channel- 
bar   columns. 

The  modulus  of  elasticity  of  the  steel  being  known  and  the  compression  of  each 
column  under  successive  loadings  being  measured,  the  modulus  of  elasticity  of  the 
concrete  and  its  corresponding  stress  can  be  calculated.  In  the  case  of  the  angle-bar 
columns  this  modulus  was  2,321,000  lb.  per  sq.  in.  at  a  stress  of  1,360  lb.  per  sq.  in., 
but  decreased  as  the  stress  on  the  columns  increased. 

Finallv,  a  description  of  the  method  of  failure  of  the  various  columns  is  given; 
also  curves  showing  the  lateral  deflection  and  main  compression.  The  author  concludes 
by  suggesting  that  the  tests  would  justify  working-stresses  as  high  as  500  lb.  to 
750  lb.  per  sq.  in.  in  columns  of  this  nature,  and  possibly  higher  stresses  for  structures 
of  unusual  magnitude. 
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NEW  WORKS  IN  CONCRETE 

AT    HOME    AND    ABROAD. 

Under  this  heading  reliable  information  ivill  be  presented  of  netv  ■works  in  course  of 
construction  or  completed,  and  the  examples  selected  ivil!  be  from  all  parts  of  the  luorld. 
It  is  not  the  intention  to  describe  these  ■works  m  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  ivhich  served  as  a  basis 
for  the  design. — ED. 


REINFORCED    CONCRETE   COAST    DEFENCE   WORKS    IN    SUSSEX. 

The  work  of  foreshore  protection  on  the  Sussex  coast  near  Brighton  has  been  going 
on  steadily  for  some  years  past,  the  object  being  to  check  the  coast  erosion  and  to 
protect  the  cliffs,  which  rise  to  a  height  of  120  ft.  in  some  parts.  At  first  timber, 
masonry,  and  concrete  were  used,  but  subsequently  reinforced  concrete  was  decided 
on  as  the  most  advantageous  manner  of  carrying  out  this  work. 

Five  groynes  were  first  constructed  at  Roedean  by  the  Brighton  Intercepting  and 
Outfall  Sewers  Board,  each  500  ft.  in  length  and  spaced  about  500  ft.  apart.  On 
completion  of  these  a  contract  was  placed  by  the  East  Sussex  County  Council  for  one 
500-ft.  groyne  at  Roedean.  Following  these,  the  Council  placed  a  further  order  with 
Messrs.  Holloway  Brothers,  \\ho  had  done  all  the  previous  work,  for  two  grovnes,  each 
500  ft.  long,  and  i,ooo-ft.  run  of  sea  walls  at  Saltdean,  and  the  following  additional 
contract  has  recently  been  completed  by  the  same  firm  near  Rottingdean  : — Ten  groynes, 
each  500  ft.  long  and  2,000-ft.  run  of  sea  walls  in  about  200-ft.  lengths  running  at  right 
angles  to  each  groyne,  the  approximate  quantities  in  the  latest  contract  being  4,500 
cu.  vds.  mass  concrete,  84  tons  steel  reinforcement,  and  3,900  cu.  yds.  excavation  in 
shingle  and  chalk. 

For  the  purposes  of  the  work  the  contractors  established  a  depot  on  the  cliffs, 
where  the  concrete  work  was  carried  out,  the  blocks  being  lowered  to  the  beach  by 
means  of  derricks. 

The  design  of  the  groynes  is  known  as  the  "  Owens-Case  "  type,  and  consists  of 
a  series  of  columns  of  i6-in.  and  14-in.  section  and  8  ft.  in  height,  these  columns  being 


View  of  Sea-VVall  and  Groyne  at  Rottingdean. 
Reinforced  Conxrete  Coast  Defence  Works  in  Sussex. 


469 


NEW  WORKS  IN  CONCRETE. 


[CQNCRETFl 


spaced  about  5  ft.  ai)art  and  the  intcr\als  filled  in  with  slabs.  The  piles,  founded  on  a 
chnlk  bed,  are  reinforced  with  four  steel  rods,  these  ranging  in  diameter  from  1^  in.  to 
^   in.      The    slabs   are  similarly   reinforced.      In   the  earlv  contracts   the  columns   were 


Section  of  Reinforced  Concrete  Sea-Wall. 
Reinforced  Concrete  Coast  Defence  Works  in  Sussex. 

Strutted  on  the  east  side  by  struts  having  their  lower  ends  fixed  in  concrete  in  a  similar 
way  to  the  columns,  but  in  the  latest  groynes  the  struts  are  omitted  and  the  slabs 
between  columns  are  made. equal  to  the  thickness  of  the  column  so  as  to  leave  no  corners 
for  the  shingle  to  rub  against. 
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CONCRETE  BLOCK  HOUSE,  GIDEA   PARK. 


A  typical  section  of  the  sea-walls  is  shown  in  the  drawing  on  page  47(j,  each  wail 
being  faced  for  a  height  of  4  ft.  above  shore-level  with  granite  concrete  blocks  tied  into 
the  mass  concrete  work  by  the  reinforcement,  the  reinforcement  extending  to  the 
bottom  of  the  foundation  concrete. 

The  reinforcement  throughout  is  on  the  Hennebique  svstem,  and  Messrs.  Owens 
and  Case,  of  Westminster,  acted  in  the  first  instance  as  Consulting  Engineers  to  the 
East  Sussex  County  Council,  but  for  the  later  work  Dr.  Owens  acted  alone,  the  firm 
having  been  dissolved.  The  entire  work  was  done  bv  Messrs.  Hollowav  Brothers 
(London),  Ltd. 

ARTISTIC    CONCRETE    BLOCK    HOUSES    ON    THE    GIDEA    PARK    ESTATE. 
On  this  page  will  be  seen  an  ilhistration  of  one  of  the  houses  which  are  being  erected 
by  Messrs.   Henry  Lovatt,   Ltd.,  of   London   and  Wolverhampton,  on  the  Gidea  Park 
Estate.    These  houses  are  erected  with  "  Winget  "  concrete  slabs;  they  are  rough  cast 


LOXLRI    11-     I'.MJCK     H'M'^E    mN    (ilDEA    FaRK    ESTATK. 

on  the  outside  and  plastered  on  the  inside.  The  whole  house,  with  the  exception  of 
the  chimneys,  is  built  of  "  Winget  "  blocks  and  slabs,  and  the  artistic  appearance 
which  can  be  obtained  by  this  method  of  construction  is  plainlv  seen  by  the 
accompanying  illustration. 

REINFORCED    CONCRETE    COAL    BUNKERS    FOR    BELFAST    ELECTRICITY 

WORKS. 

The  bunkers  were  built  to  provide  storage  for  about  2,000  tons  of  coal,  and  in  such 
a  way  as  to  utilise  an  already  existing  overhead  bucket  conveyor,  leading  from  the 
quay  to  the  electricity  works'  boiler-house.  The  bunkers  are  divided  into  four  com- 
partments, so  that  in  the  event  of  anv  overheating  taking  place  it  will  only  be  necessary 
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to  remove  the  coal  from  one  compartnicnl.     An  illu-,lraii(in  of  ihe  comi)loted  structure 
will  be  seen  in  the  frontispiece  to  this  issue. 

The  coal  can  be  taken  out  from  the  lower  part  of  the  bunkers  by  means  of  steel 
chutes  or  bv  steel  doors,  which  are  provided  at  the  level  of  the  roadway,  but  under 
ordinarv  circumstances  the  coal  is  taken  to  the  boiler-house  by  means  of  an  electrically- 


a  < 

—  o 


o  o 

so 


operated  travelling  hoist  (see  illustration  on  next  page)  in  connection  with  the  already 
existing  over-head  bucket  conveyor. 

All  the  exterior  and  division  walls,  varying  in  thickness  from  4  to  6  in.,  are 
reinforced  with  round  steel  bars,  running  both  horizontally  and  vertically  and  forming 
nettings  with  square  meshes,   and   the   division  walls  have  a  system  of  such  netting 
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REINFORCED  CONRETE  COAL  BUNKERS. 


near  either  surface  of  the  wall  to  enable  them  to  withstand  the  pressure  of  coal  from 
either  side,  as  often  one  compartment  is  full  while  the  next  is  empty. 

The  inclined   roof  slab  is  only  3   in.   thick,   and  is   carried   bv  reinforced   concrete 


purlins  and  rafters,  and  the  walls  are  also  supported  by  a  system  of  horizontal  beams. 
The   engineer    for   the   work   was   T.   W.    Bloxam,    A.M.I.C.E.,    Engineer    to    the 
Belfast  Corporation    Electricity  Works,   and  the  work   was  designed  and   carried   out 
by  Messrs.  J.  and  W.  Stewart,  of  London,  Belfast  and  Dublin. 
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CORRESPONDENCE. 

Under  this  heading  ive  invite  correspondence. 


Reinforced  Concrete  Columns. 

May    i6th,    19 12. 
I)i;.\K   SiK, — Advcrtinjj;   to   Mr.    Marsh's   letter  in  your   May   issue.     •'  Interpolation  " 

fur   intcniiediate  \alucs  in  the  formula  : 

.s-  =  48-80^ 
d 
is  all  ri,<4ht,  but    it    ciix's  not  alter  the  fact  that,  for  any  advanta^^e  throuj^h  the  value 
of  "  S,"  in  the  formula 

c  =  C/,[l— /.s.r] 
"  p  "  cannot  be  taken  less  than  'zd. 

The  advantage  in  regard   to  an   increase  of  "  r  "  is  not  necessarily  dependent  on 
the  pitch  of  the  laterals.     It  can  be  obtained  by  increasing  the  diameter  of  the  wires. 
Will  Mr.  Marsh  say  how  the  formula  for  "  S  "  was  arrived  at? 

Yours  faithfully, 

Harry  Jackson. 
The  Editor,  "Concrete  and  Constructional  Engineeri)ig." 


Mr.  Marsh's  Reply  to  Above. 

May  2oth,    1912. 
Dear   Sir, — I    ha\c   your   letter   of   the    iSth   inst.    enclosing   copv   of    Mr.    Jackson's 
letter. 

With  respect  to  the  value  of  "  r  "  in  the  formula 

c=c/,[l— /.s.r] 
it  is,  of  course,  obvious  that  this  value  can  be  increased  either  by  using  reinforcements 
of  greater  area  or  by  closer  spacing. 

With  regard  to  the  derivation  of  the  formula 

s  =  48-80^-, 
d 
the  treatment  of  compression  members  was  discussed  bv  the  Committee  at  very  great 
length,  but,  speaking  shortly,  the  equation  was  based  on  a  great  number  of  tests  and 
also  on  the  proceedings  of  other  similar  committees.  The  Committee,  in  their  final 
decision,  were  very  careful  not  to  go  outside  the  limits  of  the  best  modern  practice 
until  further  tests  should  have  been  carried  out  which  would  justify  them  in  such 
procedure.  Yours  faithfully, 

Charles  F.  Marsh. 
llie  Editor,  "Concrete  (uid   Consfriirtio)ial  E)igi}ieering." 


Waterproofing  of  Concrete. 

Aberfan,  Glam.,  May,   1912. 

Dear  Sir, — Many  finely  defined  and  scientific  rules  have  been  laid  down  for  the 
waterproofing  of  concrete.  Some  of  these  are  certainlv  entitled  to  merit,  so  far  as 
they  go,  but  are  generally  beyond  the  ordinary  scope  of  practice.  They  are  often  too 
expensive,  or  they  require  such  special  supervision  and  proportioning,  that  they  become 
impracticable.  What  is  really  needed  is  something  handy  and  jjracticable  in  the 
ordinary  sense. 

1  do  not  think  it  possible  to  make  concrete  absolutely  wat(ri)roof,  but  it  can  be 
made  waterproof  to  a'  degree  quite  sufficient  for  all  usual  requirements,  as  I  have 
found  from  many  practical  experiments  I   have  carried  out  on  different  works. 

The  method  is  this  :  Firstly,  get  the  concrete  mixed  most  densely  by  carefully 
measuring  the  voids  in  the  different  aggregates  and  sand,  then  carefully  grading  and 
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prupurtioning  same,  adding  sufficient  very  finely  ground  cement  just  to  fill  the  voids  in 
the  sand,  with  the  addition  of  about  13  per  cent.  After  this  is  all  mixed  dry  in  the 
ordinary  way  a  suitable  clay  should  be  obtained,  and  mixed  in  the  water  for  gauging, 
until  the  water  becomes  fairly  cloudy.  Care  should  be  taken  that  no  small  lumps  of  clay 
are  left  in,  and  care  should  also  be  taken  in  selecting  the  cla),  as  some  have  deleterious 
properties  when  mixed  with  Portland  cement.  I  have  usually  found  a  sandy  clay  best, 
also  china  clay,  and  most  clays  from  Cornwall.  To  this  can  be  added  about  2  per  cent, 
of  the  weight  of  cement  of  well-slaked  lime  or  lime  putty,  also  thoroughly  mixed  in  the 
water. 

The  above  method,  besides  making  almost  watertight  concrete,  tends  to  make  a 
much  stronger  concrete — at  least,  so  far  as  my  experiments  have  been  concerned,  they 
have  all  made  stronger  concretes. 

The  other  remedy  of  asphalting  concrete  cannot  be  called  waterproofing,  but  simply 
protecting  concrete  from  water,  and  its  efficienc}-  depends  on  a  great  many  points,  and 
needs  special  labour  to  carry  out  same.  The  foregoing  remarks  can  be  safely  relied 
upon,  as  any  highly  scientific  process  could  hope  to  be  carried  out  in  practice,  and  will 
not  effect  the  adhesive  quality  of  steel  in  reinforced  work. 

Yours  faithfully, 

George    Coe. 
Tlie  Editor,  "Concrete  ami  C(>nstrucf!0)ial  E)mii!ccriug." 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,  •with  occasional  editorial 
comment.     Authentic  ne'ws  ivill  be  "welcome. — ED. 


The  British  Enttineers'  Associatioa, — This  is  the  title  of  an  Association  which 
was  incorporated  on  April  26th  of  this  year.  The  organisation  of  this  Association  was 
undertaken  by  twenty-two  of  the  best-known  engineering  firms  in  Great  Britain,  and 
its  aims  are  not  to  serve  the  interests  of  any  individual  firm  or  group  of  firms,  or  to 
carry  on  trade  in  any  way,  but  to  establish  itself  as  a  national  organisation  for  the 
promotion  on  broad  lines  of  the  overseas  interests  of  the  British  engineering  industry. 
Its  intention  is  to  employ  the  great  collective  influence  vested  in  the  engineering  industry 
to  encourage  the  British  Government,  financial  organisations,  shipping  companies, 
merchants,  and  others  to  promote  the  interests  of  British  engineering  throughout  the 
world  in  the  same  manner  as  the  interests  of  our  foreign  competitors  are  promoted  by 
their  gov'ernments  and  other  bodies. 

The  efforts  of  the  Association  will,  in  the  first  place,  be  directed  to  China.  In  that 
country,  especially  in  view  of  the  new  regime,  the  organisation  and  strengthening  of 
British  engineering  interests  is  urgently  needed.  The  technical  education  of  Chinese 
engineers  on  British  lines  and  in  the  English  language  will  be  encouraged. 

Every  manufacturing  engineer  in  the  country,  provided  that  he  has  no  foreign 
interests  which  are  likely  to  be  detrimental  to  the  objects  of  the  Association,  will  now 
be  offered  an  opportunity  of  becoming  a  member. 

This  Association  clashes  with  no  other  engineering  institution  or  association.  It 
is  the  first  instance  of  British  engineering  firms  organising  themselves  on  purely 
national  lines  to  overcome  the  unfair  obstacles  which  are  hampering  the  trade 
generally. 

The  offices  of  the  .Association  are  at  38  and  39,  Queen  Anne's  Chambers,  West- 
min->ier,  S.W.,  and  full  particulars  will  be  sent  on  application  to  the  Secretary  at  the 
above  address. 

A  Novel  Concrete  Reservoir.  —  At  the  State  Hospital,  Yankton,  S.D.,  says 
Tlie  Times,  a  covered  concrete  reservoir  presents  the  unusual  feature  of  having  its 
roof  slab  made  to  serve  as  the  floor  of  a  two-story  concrete  building.  The  tank  is  a 
rectangle  measuring  185  ft.  by  45  ft.  and  is  11  ft.  deep.  The  structure  is  divided 
by  lines  of  transverse  columns  into  bays  having  transverse  spans  of  15  ft.  and 
longitudinal  ones  of  half  that  length.  The  walls  were  cast  solid  in  30  ft.  sections,  the 
alternate  ones  being  poured.  Water-tight  joints  were  secured  in  these  walls  by  casting 
a  copper  strip  12  ft.  long  and  g  in.  wide  in  the  wall  sections  in  such  a  position 
that  there  was  an  equal  bond  in  the  adjacent  sections.  A  slight  crimp  was  made  in  this 
copper  to  prevent  it  from  being  stressed  by  the  contraction  of  the  concrete.  The 
floor  was  cast  in  slabs  7  ft.  6  in.  square,  and  i  in.  by  4  in.  white  pine  strips  painted 
with  asphalte  after  thorough  drying  were  placed  between  them.  It  is  expected  that 
these  strips  will  swell  and  will  thus  form  a  water-tight  joint.  The  asphalte  coating 
was  applied  to  prevent  the  wood  from  swelling  too  rapidly. 

Pure  Cement  Concrete  as  a  Lining  for  Kilns.  —  Mr.  A'aleur  has  found 
that  pure  cement  concrete  possesses  many  advantages  over  other  materials  which 
have  been  used  as  linings  for  cement  kilns.  It  is  only  called  upon  to  resist  the 
mechanical  wear  and  tear  of  the  sintered  cement  mass,  which  exerts  no  chemical  effect 
upon  it.  The  concrete  is  composed  of  two  to  three  parts  by  weight  of  hard,  burnt 
cement  clinker  (the  size  of  grain  being  from  2  mm.  to  2  mm.  =  o'oS  to  o'S  in.) 
and  one  or  two  parts  bv  weight  of  ground,  slow-setting  cement,  and  is  mixed  with 
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just  enough  water  to  cause  the  mass  to  cohere  when  pressed  together.  When  such 
freshly-prepared  concrete  is  heated  to  a  temperature  corresponding  to  a  red  or  white 
heat  it  hardens  ciuickly,  remains  hard  at  high  temperatures,  and  retains  its  form  and 
hardness,  whether  it  be  heated  slowly  or  rapidly,  in  the  sintering  zone  of  a 
Dietzsch  kiln  in  full  work.  The  concrete  begins  to  set  in  about  an  hour,  and  only 
about  as  much  as  can  be  used  in  that  time  is  prepared  at  one  time. 

By  using  an  iron  ring  about  40  cm.  =  16  in.  smaller  diameter  than  that  of  the 
kiln  as  a  mould,  a  concrete  lining  20  cm.  =  8  in.  thick  can  be  conveniently  rammed 
into  the  whole  length  of  a  rotary  kiln.  Such  a  rim  of  concrete  2*5  metres=io  ft. 
wide  can  be  formed  in  a  day  and  left  to  set  overnight ;  the  next  morning  the  moulding 
ring  is  moved  and  a  second  concrete  rim  rammed  against  the  first.  Experience  shows- 
that  no  special  care  is  needed  in  heating  the  kiln  to  its  full  working  temperature  and 
condition.  A  layer  of  cement  concrete  only  10  cm.  =  4  in.  thick  which  was  tried 
in  the  sintering  zone  of  a  rotary  kiln  for  a  period  of  fourteen  days  and  then  cooled,, 
showed  that  a  thin  layer  of  cement  had  formed  on  the  concrete  and  split  awav  again 
on  cooling,  and  the  mechanical  wear  and  tear  amounted  to  3  cm.  =  r2  in.;  otherwise 
the  concrete  was  intact. 

As  the  molten  basic  cement  does  not -act  chemicallv  on  the  concrete,  it  does  not 
adhere  to  the  latter  as  it  does  to  a  fireclay  lining,  except  as  to  the  cohesive  effect  of 
the  ash  contained  in  the  coal  used  for  firing. 

A  cement-concrete  lining  will  last  from  three  to  six  months  in  the  sintering  zone 
of  a  kiln,  and  is  also  suitable  for  the  end  shcxat,  which  can  be  relined  with  concrete 
in  an  hour  without  interrupting  the  work,  whereas  relining  with  fireclay  necessitates 
stopping  and  cooling  the  kiln.  The  concrete  answers  well  not  onlv  with  rotarv  kilns, 
but  also  with  other  types,  such  as  the  Dietzsch  and  Schneider.  The  lining  can  also 
be  composed  of  blocks  of  concrete,  kept  ready  for  use,  and  mortared  in  with  cement. 
The  cost  of  repairing  the  concrete  lining  is  much  less  than  that  of  a  fireclav,  being  only 
about  3s.  6d.  to  4s.  2d.  per  foot,  against  68s.  3d.  for  fireclay  lining,  and  the  former 
is  more  durable.  In  actual  practice  the  cost  of  repairing  bv  the  two  methods  com- 
pared as  follows,  per  barrel  of  cement  produced  weighing  374  lb.  :  — 


Lining  employed  in  Kiln. 

Dietzsch  Kiln. 

Schneider  Kiln. 

Fireclay  Lining     ... 
Cement  Concrete  Lining- •• 

0-60 
0*08 

3-12 

0*3 
00-9 

Saving  per  ton  of  Cement  =  6  barrels,  in  pence 

1-26 

The  process  has  been  adopted  in  twenty-six  works,  and  is  patented  in  Germany 
and  other  countries.-    '/'/k'  Builder. 

An    Unusual    Combination   of  Reinforced  Concrete  and   Concrete  Blocks. — 

The  E.  E.  Woodward  Building  at  Rockford,  111.,  U.S.A.,  is  particularly  notable  in 
that  the  construction  is  a  combination  of  reinforced  concrete  and  concrete  blocks. 
The  entire  frame — including  columns,  floors  and  stairways — is  of  reinforced  concrete, 
while  the  walls  and  partitions  are  constructed  of  concrete  blocks.  No  wood  is  used' 
except  for  the  window-frames.  It  is  interesting  to  note  that  the  blocks  carrv  none 
of  the  load  of  the  building  and  contents  except  their  own  weight.  The  building  is 
143  by  70  ft.,  five  stories  high  with  basement.  The  concrete  ^sed  was  proportioned 
1  :  2 — 1/2  :  4,  and  was  entirely  mixed  by  a  Ransome  mixer.  The  Simpson  Construction 
Co.,  of  Chicago,  wi.-re  the  (■()ntra(-tllr-^  for  the  concrete  work. 

Responsibility  for  Concrete  Mixing. —  Mr.  A.  W.  Ransome,  of  the  United" 
States,  the  well-known  manufacturer  of  mixers,  recently  stated  that  he  believes 
that  concrete  machinery  as  a  dass  is  subjected  to  more  abuse  than  falls  to  the 
lot  of  anv  other  kind  of  machinery.  In  his  opinion  the  hard  uses  incidental  to- 
the  service  the  machines  are  called  upon  to  perform  are  often  aggravated  by  neglect. 
"  Make  one  man  responsible  for  the  mixer,"  was  Mr.  Ransome's  advice,  "  and  allow 
him  one  half-hour  extra  time  a  day  to  clean  up  the  mixer  and  go  over  carefully  the 
various  parts.  Where  a  nut  is  started,  let  him  tighten  it ;  where  a  key  is  loose,  drive 
it  home;  and,  above  all,  keep  an  eye  constantly  on  all  journals." 

Design  of  Forms  for  Concrete  V^'orlc. —  It  is  generally  recognised  that  one  of  the 
prime  reasons  for  the  comparatively  high  first  cost  of  reinforced  concrete  buildings  is 
the  cost  of  the  material  and  labour  put  in  the  forms.     Therefore  continued  efforts  to- 

477 


CONSTRUCTIONAIZJ 
KNGINEERIIVG- 


UNIVERSAL  JOIST  STEEL   SHEET   PILING 


Telephone  :    1414  AVENUE  Telegrams  :  "  GRAMERCY,   LONDON  " 

FULL     PARTICULARS     ON     APPLICATION 

"■JlfE'^  STEEL  PILING  ™hTs" 
NEVER  FAILED 

Care  should  be  taken  in  selecting  a  piling  which  is  amply 
strong  for  the  job  ;  light  piling  invariably  gets  damaged  in 
driving  and  is  always  risky.  BUT  this  piling  has  a  distinct 
advantage  which  makes  it  suitable  for  any  kind  of  work. 


DCDC 


As  supplied  to 

ADMIRALTY  WORKS 

(Portsmouth  and  Rosyth) 

WAR  OFFICE 

CROWN    AGENTS 

INDIA  OFFICE 

FOREIGN  GOVERNMENTS 

and  all  principal  contractors  in  all 

parts  of  the  world. 


PERFECTLY  WATERTIGHT, 
PULLS  FREELY  AND  CAN 
BE  USED  REPEATEDLY, 
SUCCEEDS  WHERE 
OTHER    PILINGS    FAIL 


DCZDC 


THE 


BRITISH  STEEL  PILING  CO., 

Dock  House,  Billiter  Street,  E.C. 
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reduce  this  item  to  a  minimum  are  being  made  by  many  construction  companies.  A 
recent  case  of  the  Aberthaxv  Construction  Company,  of  Boston,  is  illustrative  of  the 
possibilities  of  saving,  even  on  small  jobs,  by  designing  the  forms  in  the  drafting  room, 
instead  of  putting  the  fitting  up  in  the  carpenter's  shop.  The  job  in  question  was  a 
small  structure,  costing  about  ^^5,200,  and  50  ft.  x  50  ft.,  four  stories  high.  The  design 
was  of  the  beam  and  girder  type,  and  was  made  as  regular  as  possible  in  order  to  keep 
the  "Cost  down.  In  spite  of  this  113  different  kinds  of  forms  were  required,  making  a 
total  of  about  600  forms  in  all,  taking  about  10,000  sq.  ft.  of  stock.  When  it  is 
considered  that  the  figures  do  not  include  any  of  the  ledges,  studs,  or  anything  but  the 
beam  and  column  sides,  it  will  be  appreciated  that  113  difl'erent  kinds  of  forms  is  a  large 
number  for  a  plain,  small  job.  According  to  the  Aberthaw  Construction  Co.'s  former 
methods,  the  carpenters  not  only  made  the  beam  sides  but  fitted  them  as  they  went 
along,  and  each  one  had  to  be  sawed  out.  A  large  saving  is  therefore  made  by  designing 
the  forms  for  this  small  job  in  the  drafting  room,  as  the  cost  of  drafting  is  very  much 
less  than  the  cost  of  m.aking  up  the  beams  and  fitting.  It  is  very  probable  that  the 
failure  of  new  concrete  contracting  companies  is  often  due  to  their  ignorance  of 
economical  methods  of  handling  form  work,  and  the  case  above  is  an  excellent 
illustration  of  how  thev  m.ight  go  astray  on  their  estimate  by  not  realising  the  high  cost 
of  the  many  forms  on  such  a  small,  plain  job. 

The  Advantages  of  Concrete  in  the  Storage  of  Petrol. —  In  a  very  useful  article 
in  a  recent  numlier  of  /lie  Motor,  dealing  with  the  storage  of  petrol  and  some 
suggestions  for  its  sate  handling  in  the  motor  house,  the  writer  says:  "  We  now  come 
to  the  second  part  of  the  problem — the  storage  of  petrol.  One  of  the  most  practical 
suggestions  the  writer  has  seen  is  that,  in  a  spare  corner  of  the  motor  house,  or  outside 
it,  a  series  of  boxes  should  be  built  up  out  of  concrete,  reinforced  with  wire  netting. 
These  boxes  would  form  a  two-  or  three-tier  cupboard,  with  roof,  sides,  shelves,  and 
flooring  of  solid  concrete.  Iron  doors  of  the  self-locking,  spring-controlled  type,  padded 
with  asbestos,  should  be  fitted.  From  each  compartment  iron  pipes  should  be  run  to 
the  top  of  the  building,  and  their  upper  ends  turned  over  in  syphon  fashion.  These 
pipes  are  for  ventilating  the  store  house." 

Golf  Ball  of  Cement. —  One  of  the  most  unique  exhibits  at  the  Chicago  Cement 
Show  was  that  of  a  cement  golf  ball.  The  new  ball  was  tried  by  a  former  American 
amateur  champion.  It  is  the  same  size  as  the  regulation  golf  ball,  but  with  a  core  of  a 
composition  of  cork  and  concrete  mixture,  which  is  declared  to  act  in  the  same  manner 
as  rubber. 

Unique  Use  of  Concrete. — An  unusual  use  for  concrete  has  been  found,  according 
to  Hie  Concrete  Age.  This  consists  of  filling  the  bumper  on  an  automobile  with 
concrete.  This  device  is  similar  to  the  usual  form  of  brass  tube  bumper  which  extends 
in  front  of  the  fore  wheels,  lamp,  and  radiator  on  the  car,  and  prevents  serious  injury 
in  the  event  of  a  smash-up.  The  concrete-filled  tube  is  much  lighter  than  a  solid  bar 
and  considerably  stronger  than  a  tubular  piece  of  metal.  The  extreme  hardness  of 
concrete  as  applied  to  this  device  (hydraulically)  enables  it  to  stand  a  much  greater 
blow  without  breaking  than  if  metal  alone  were  used.  Whereas  metal  will  crack  and 
splinter  w-ith  the  impact  of  a  sudden  blow,  the  concrete  embedded  in  its  brass  casing 
will  not,  for  in  such  a  form  of  construction  few  people  realise  what  amazing  strength 
concrete  possesses. 

TRADE    NOTICES. 

"  Ferro-Glass  "  Construction.^Th'is  is  a  new  method  of  floor,  roof,  and  pave- 
ment light  construction,  in  which  the  bars  are  formed  of  steel  reinforcing  rods 
surrounded  by  cement,  thus  preventing  the  formation  of  rust.  The  under  side  of  the 
cement  ribs  is  glass  and  can  easily  be  cleaned,  consequentlv  there  is  no  maintenance 
charge  for  repeated  painting  of  iron  frames.  Owing  to  the  special  construction  of  the 
glass  covering,  most  of  the  rays  of  light  falling  on  the  plates  from  below^  are  diverted 
by  total  reflection,  so  that  the  cement  joints  remain  invisible;  and  at  the  same  time 
a  large  number  of  rays  falling  on  the  plates  from  without  penetrate  into  the  interior  of 
the  space  to  be  illuminated,  thus  lighting  same.  As  the  steel  parts  which  carry  the 
structure  are  surrounded  by  glass  and  concrete  great  protection  against  fire  is  given. 

The  glass  prisms  and  steel  reinforcing  rods  are  laid  on  temporary  shuttering  at  the 
building  and  the  joints  are  filled  bv  pouring  in  the  concrete,  the  preparation  of  special 
frames  therefore  becoming  unnecessarv. 
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Ferro-Glass  "  Construction. 


Roofs  composed  of  these  prisms  and  reinforced  concrete  have  the  advantage  that 
they  lie  in  the  same  plane  with  the  roof  and  do  not  form  any  corners  or  angles  in 
which  snow  and  rain  water  can  collect. 

Full  particulars  of  "  Ferro-Glass  "  construction  will  be  sent  on  application  to  the 
proprietors,  Messrs.  J.  A.  King  and  Co.,  i8i.  Queen  Victoria  Street,  London,  E.C. 


EDITORIAL   MEMOS. 

CONTRIBUTIONS.— Original  contributions  and 
illustrations  are  specially  invited  from  engineers, 
architects,  surveyors,  chemists,  and  others  engaged 
in  practical  or  research  work  MSS.  should  be  written 
on  one  side  of  the  paper  only,  giving  full  name  and 
address  of  the  author. 

The  copyright  of  any  matter  accepted  for  pub- 
lication is  vested  solely  in  the  proprietors  of  the 
jourr>al  to  be  used  in  any  form  they  think  fit,  unless 
there  be  a  special  arrangement. 

MSS.  and  drawings  or  photographs  are  sent  in  at 
the  author's  risk.  Every  effort  will,  however,  be 
made  to  return  unsuitable  communications. 
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Three  feet  long 


Flat-based  Concrete  Pipes 

to 


Nine  feet  long. 


Breeze  Partitions 
Reinforced  Sleepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'  DESIGNS  CARRIED  OUT  TO  ORDER. 
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EDITORIAL  NOTES. 


CEMENT    USES. 

\\  HILST  we  are  making'  but  moderate  progfress  in  the  development  of 
cement  uses — and  the  application  of  reinforced  concrete  in  particular — the 
United  States  of  America  are  making-  rapid  strides  in  every  possible  direction 
where  Portland  cement  can  be  practically  and  economically  utilised  for  building- 
and  engineering-  purposes.  The  enthusiasm,  energ;y  and  businesslike  acum.en 
with  which  the  majority  of  the  members  of  the  architectural  and  engineering- 
professions  of  Am.erica  are  adapting-  modern  methods  and  modern  forms  of 
construction  for  structural  purposes — and  thereby  using-  Portland  cement  in 
largely  increasing  quantities — is  only  to  be  accounted  for  by  the  general  appre- 
ciation of  the  advantages  of  Portland  cement  by  the  American  public,  both  h\ 
residents  in  the  great  industrial  centres  and  in  the  agricultural  districts. 

A  recent  echo  of  this  progressive  movement  in  the  application  of  cement, 
concrete,  and  of  reinforced  concrete,  may  be  found  m  all  the  technical  societies 
of  the  American  continent ;  and  whether  we  turn  to  the  proceedings  of  the 
National  Association  of  Cement  Users  of  the  United  States — whose  primary 
purpose  is  obviously  to  consider  problems  relating  to  the  application  of  Portland 
cement — or  to  the  conferences  of  the  National  Fire  Protection  Association, 
the  Association  of  Water  Works  Engineers,  or  gatherings  such  as  that  of  the 
International  Congress  of  Navigation  recently  held  in  Philadelphia,  everywhere 
vre  find  a  prominent  position  accorded  to  the  subject  we  have  so  much  at  heart. 

At  home,  on  the  other  hand,  these  questions  are  onlv  dealt  with  in  a  xarx 
half-hearted  sort  of  manner,  and  it  is  as  m.uch  as  the  Concrete  Institute  can  do 
to  obtain  papers  and  discussions  of  practical  utility  and  vitality,  whilst  enthu- 
siasm is  conspicuously  absent.  We  come  across  occasional  papers  and 
discussions  taking  place  in  other  British  societies,  but  thev  are  presented  in  a 
somewhat  diffident  manner,  as  if  the  authorities  would  wish  to  excuse  themselves 
for  dealing  with  the  subject,  and  as  if  the  presiding  officer  of  the  society  were 
rather  ashamed  that  it  had  allowed  such  a  subject  to  be  dealt  with  within  its 
portals. 

Now  all  this  diffidence  should  cease.  Reinforced  concrete  is  already  a 
factor  of  very  great  importance  in  the  development  of  the  structural  works  of 
these  Islands  and  our  Colonies.  Prejudice  against  its  introduction  must  cease, 
for  reinforced  concrete   is  not  an   untried   innovation,    and   prejudice  is  entirely 
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misplaced,  both  from  an  economical  and  practical  point  of  view.  .\o  matter  to 
what  extent  the  country  may  be  asleep  in  many  matters  of  the  utmost  import- 
ance to  its  prosperity,  those  who  are  engaged  in  building-  and  structural  matters 
should  promptly  awaken  to  the  problems  of  the  day,  and  one  of  the  primary 
problems  among'st  these  is  certainly  the  application  r)f  reinforced  concrete  for 
building-  purposes. 

We,  on  our  part,  have  for  several  years  been  diligently  analysing  the  pros 
and  the  cons  of  the  uses  of  concrete  and  reinforced  concrete,  but,  as  has  been 
the  case  of  those  best  informed  on  the  continent  of  Europe  and  in  the  United 
States,  we  have  come  to  the  conclusion  that  the  pros  greatly  outweigh  the  cons, 
and  that  the  time  has  arrived  when  the  energetic  development  of  the  uses  of 
these  practical  materials  must  be  strongly  urged. 

It  is  thus  to  be  hoped  that  readers  of  this  journal  will  realise  that  concrete, 
reinforced  concrete,  and  Portland  cement  for  general  use  have  come  to  stay,  and 
that  the  diffidence  with  which  these  subjects  have  been  approached  when  this 
journal  was  started  is  no  longer  in  place.  As  before,  we  are  open  for  the 
publicity  of  argument  against  the  uses  of  the  material  in  question,  and  we  shall 
be  careful  to  advocate  such  regulations  as  will  limit  the  possibility  of  accident 
and  failure.  Taken  generally,  these  columns  may  be  held  to  invite  plainly  and 
unmistakably  a  more  thorough,  a  more  energetic,  and  we  hope  a  more 
enthusiastic,  consideration  of  the  building  methods  we  deal  with  and  which  can 
onlv  be  of  benefit  to  this  country  and  its  dependencies. 

WORK    OF   AMERICAN    TECHNICAL    SOCIETIES. 

In  the  preceding  commentary  we  referred  to  the  extraordinary  amount  of 
useful  information  on  the  subject  of  reinforced  concrete  being  disseminated  in  the 
United  States.  It  might  be  said  that  one  is  entitled  to  look  for  such  informa- 
tion from  the  various  technical  societies,  but  it  is  somewhat  remarkable  to  find 
so  much  space  accorded  to  the  subject  at  the  International  Congress  of  Naviga- 
tion held  in  Philadelphia.  Obviously  local  interests  in  the  subject  were  para- 
mount, but  it  should  also  be  remembered  that  a  very  large  proportion  of  the 
papers  presented  at  that  Congress  were  put  forward  by  authorities  from  Europe, 
and  notably  from  the  continent  of  Europe.  The  proceedings  contained 
numerous  highly  interesting  reports  on  the  application  of  reinforced  concrete  to 
hydraulic  work,  a  summary  of  which  we  are  publishing  in  our  current  issue. 
Some  exceedingly  useful  reports  were  also  issued  on  the  most  recent  works  con- 
structed at  the  more  important  seaports,  with  special  reference  to  applications 
of  reinforced  concrete  therein,  and  these  we  shall  also  deal  with  at  a  later  date. 
We  would  thus  strongly  recommend  those  who  have  not  yet  joined  the  Inter- 
national Congress  of  Navigation  to  do  so  now,  if  only  with  the  object  of 
obtaining  the  valuable  Proceedings  with  which  they  are  concerned. 

The  important  work  done  by  the  National  Association  of  Cement  Users  is 
well  known,  and  has  on  several  occasions  been  commented  on  in  this  journal. 
x\t  their  recent  Annual  Convention,  how^ever,  the  papers  presented  seem  to  have 
been  of  even  more  technical  interest  than  usual.  .\11  the  w^ell-known  authorities 
on  reinforced  concrete  contributed  to  them,  and  we  shall  have  pleasure  in 
publishing  most  of  these  at  a  later  date. 
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NEW    PREMISES     FOR 
MESSRS.  WILLIAM 
WHITELEY,    LTD. 


By  ALBERT  LAKEMAN. 

Oiving  to  the  enormous  size  of  ihis  tuilding,  an  account  cf  the  methods  emj:lcyed  in  its 
construction  are  ivjrt'iy  of  attention, — ED. 


Some  interesting-  steel  construction  is  to  be  found  in  these  new  premises,  which 
have  been  erected  in  Bavswater  from  the  designs  of  Messrs.  Belcher  and  Joass, 
and  the  enormous  size  of  the  building-  lends  additional  interest.  Many  difTicult 
constructional  problems  had  to  be  faced  and  overcome  in  order  to  give  the 
maximum  amount  of  uninterrupted  floor  space,  and  also  to  arrange  the  steel  in 
such  a  manner  that  the  fine  architectural  design  was  not  marred.  It  is  the 
latter  point  which  usual!}-  imposes  great  restrictions  on  the  engineer,  who, 
naturally,  is  unable  to  place  the  girders  and  columns  to  entirely  please  himself, 
but  must  adapt  the  steelwork  to  certain  levels  and  positions,  and  at  the  same 
time  not  exceed  certain  sizes  and  depths. 

The  completed  portion  has  a  frontage  to  Queen's  Road  of  about  320  ft. 
and  a  return  frontage  to  Porchester  Gardens  of  about  162  ft.,  while  the  general 
dc-pth  of  the  site  is  about  130  ft.  There  is  one  floor  below  the  pavement  at  a 
depth  of  about  12  ft.  and  four  floors  above  the  pavement  level,  giving  a  total 
height  of  78  ft.  The  only  reinforced  concrete  work  is  that  emploxed  in  the 
retaining  walls,  the  remainder  of  the  building  being  constructed  of  steel.  There 
were  about  3,4000  tons  of  the  latter  material  employed  and  there  are  over  ninetv 
stancheons. 

Th?  foundations  generally  were  calculated  to  give  a  maximum  load  of 
three  tons  per  square  foot  upon  the  soil,  the  latter  being  a  good  hard  cla\-. 
(irillages  were  formed  under  all  stancheons  carrying  large  loads,  and  these  were 
built  up  with  two  layers  of  rolled  steel  joists  enveloped  in  concrete,  the  largest 
grilhige  being  17  ft.  b\-  14  ft.,  and  consisting  of  a  top  layer  of  six  24-in.  bv  7A-in. 
by  loo-lb.  rolled  steel  joists,  and  a  bottom  layer  of  fifteen  i6-in.  by  6-in.  bv  62-lb. 
rolled  steel  joists.  Both  layers  were  stiffened  by  rows  of  ferrules  and  bolts  to 
form  a  good  stiff  foundation.  The  smallest  type  of  grillage  was  8  ft.  square, 
and  this  had  a  top  layer  of  four  14-in.  b}-  6-in.  by  57-lb.  rolled  steel  joists  and 
a  bottom  layer  of  nine  g-in.  b}-  4-in.  by  21-lb.  rolled  steel  joists. 

The  reinforced  concrete  retaining  wall,  which  was  constructed  under  the 
pavement  next  Queen's  Road  and  Porchester  Gardens,  is  illustrated  in  Fi^.  i, 
and  it  will  be  seen  that  the  roof  to  the  vaults  is  form.ed  in  conjunction  with  the 
wall  to  give  a  monolithic  construction.  The  toe  of  the  wall  has  a  projection  of 
about  12  ft.  with  a  maximum  thickness  of  about  i  ft.  9  in.  and  a  minimum  thick- 
ness of  about  12  in.,  with  reinforcing  bars  at  about  6-in.  centres  for  one  half  the 
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projection  and  about  12-in.  centres  for  the  remaining-  half  in  both  upper  and 
lower  surfaces,  while  distribution  bars  are  provided  at  2-ft.  centres.  The 
vertical  wall  has  a  thickness  of  about  i  ft.  9  in.  at  the  base,  diminishing  to 
about  I  ft.  3  in.  at  the  top,  with  reinforcinj^-  bars  at  6-in.  centres  in  both  inner 
and  outer  surfaces  and  distribution  bars  similar  to  those  in  the  toe.      The  vault 
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Fig.  1.     Reinforced  Concrete  Retaining  V\  all  next  street. 
Messrs.  Whiteley's  New  Premises. 

roof  has  a  projection  from  the  wall  of  about  8  ft.  6  in.,  and  this  is  reinforced  in  a 
similar  manner  to  the  toe.  Additional  bars  are  placed  at  the  angles,  as  shown 
in  the  drawings,  which  also  illustrate  the  method  employed  when  the  toe  was 
adjacent  to  the  column  foundation  blocks.  The  height  of  the  wall  varied  some- 
what on  account  of  the  fall  in  the  pavement. 
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Another  instance  of  a  reinforced  wall  is  that  illustrated  in  Fig.  2.  This 
was  constructed  at  the  rear  under  a  loading  bank  in  the  dispatch  department. 
This  wall  is  14  f).  high,  with  a  maximum  thickness  of  i  ft.  9  in.  and  a  minimum 
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Fig.  2.     Retaining  Wall  at  rear. 
Messrs.  Whiteley's  New  Premises. 


thickness  of  9  in.  The  outer  surface  is  reinforced  with  i-in.  diam.  bars,  spaced 
at  5-in.  centres  in  the  lower  part  and  lo-in.  centres  in  the  upper  part,  while  the 
inner  surface  is  reinforced  with  f-in.    diam.    rods  at   lo-in.    and   20-in.   centres. 
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The  toe  has  a  projection  of  13  ft.  with  a  minimum  thickness  oi  12  in.,  and  is 
reinforced  in  a  manner  corresponding-  to  that  t-mployed  for  the  vertical  portion 
of  the  wall.  The  wall  was  not  carried  right  through  in  a  straight  line,  but 
recessed  for  a  lift,  as  shown. 

The  general  lay-out  of  the 
steel  is  illustrated  in  Fig.  3, 
which  shows  the  work  at  the 
second  floor  level.  It  will  be 
seen  that  the  framing  in  the 
interior  of  the  building  was 
governed  to  a  large  extent  by 
the  large  open  wells,  which 
form  a  feature  of  the  plan- 
ning, and  are  terminated  at 
the  roof  with  large  steel  and 
glass  domes.  The  front  stan- 
cheons  are  spaced  at  intervals 
of  about  46  ft.,  and  all  the 
main  girders  in  the  facades 
were  placed  at  the  second  floor 
level,  this  being  necessitated 
by  the  character  of  the  design. 
Owing  to  the  large  distance 
between  the  stancheons  and 
the  impossibility  of  using 
large  girders  at  the  first  floor 
level,  two  intermediate  channel 
suspenders  were  placed  in 
each  bay,  these  being  carried 
down  from  the  main  girders 
at  the  second  floor  and  per- 
mitting the  use  of  ordinary 
rolled  steel  joists  at  the  first 
floor.  The  depth  of  the  gir- 
ders at  the  second  floor 
was  restricted  by  .  the  stone- 
work, and  large  loads  had  to 
be  carried  at  this  level  in  ad- 
dition to  the  first  floor  loads 
brought  upon  them  by  the 
suspenders.  The  section  em- 
ployed consisted  at  the  centre 
of  the  span  of  two  i-in.  web 
plates,  having  a  distance  apart  of  ii|  in.  and  a  depth  of  30  m., 
with  four  angles  and  five  flange  plates  24  in.  wide  at  top  and  bottom,  while 
at  the  ends  of  the  girders  the  section  was  reduced  to  one  plate  at  top 
and  bottom  and  two  |-in.  web  plates.  T-stiffeners,  6  in.  by  4  in.  by  ^  in., 
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were  provided  at  3  ft.  6  in.  distances  along"  the  web.  There  were  five  girders 
of  this  type,  four  being"  required  on  the  Queen's  Road  frontage  and  one  on  the 
frontage  to  Porchester  Gardens.  The  end  girders  at  the  intersection  of  the 
frontages  were  varied  on  account  of  their  being  cantilevered  for  a  distance  of 
over  8  ft.  to  carry  the  corner  of  the  building,  that  on  the  Queen's  Road  side 
having  a  total  length  of  over  55  ft.  Some  idea  of  the  loads  brought  upon  these 
girders  by  the  stonework  can  be  gathered  from  the  fact  that  the  cornice  at  the 
second  floor  level  weighed  one  ton  per  foot  run,  the  top  cornice  and  entablature 
a  similar  amount,  and  the  granite  columns  were  about  sixteen  tons  each.  The 
method  of  carrying  the  top  cornice  and  entablature  is  shown  in  Fig.  4,  where  it 
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Fig.  4.     Method  of  carrying  Top  Cornice  and  Entablature. 
Messrs.  Whitelev's  New  Premises. 

will  be  seen  that  the  tailing  down  of  the  cornice  is  assisted  by  copper  straps 
about  2  ft.  apart  attached  to  one  of  a  pair  of  rolled  steel  joists,  and  the  jrchitrave 
and  soffit  is  hung  up  with  copper  T-hooks  placed  in  each  joint.  The  total  load 
on  one  span  was  about  35  tons,  and  it  is  so  situated  that  of  this  amount  26^  tons 
is  carried  by  the  front  joist  and  only  8|  tons  by  the  back  one.  The  joists  were 
connected  by  separators,  and  open  joints  were  left  in  the  stonework  where 
necessary  to  prevent  any  possibility  of  the  edges  being  spalled. 

The  largest  girder  in  the  whole  building  is  that  situated  at  the  second  floor 
level  over  the  main  entrance  from  Queen's  Road,  and  this  has  a  span  of  about 


487 


ALBERT  LAKEMAN. 


ICDNCBETEJ 


l.^h 


l_«<'_»J»  ♦a'j  ,  J 


z  ^ 


■ 9'Z-     — ' 


50  ft.  and  carries  two  cdiicentrated 
loads  of  85  Ions  each,  two  con- 
centrated loads  of  90  tons  each,  and  a 
distributed  load  of  90  tons,  giving-  a 
total  load  of  440  tons,  exclusive  of  the 
weight  of  the  girder  itself,  which  was 
31  tons.  The  concentrated  loads  are 
brought  on  the  girder  by  two  pairs  of 
stancheons  carrying  the  upper  part  of 
the  building.  It  is  worthy  of  note  that 
although  the  girder  weighed  31  tons  it 
was  raised  from  the  pavement  level  to 
its  position,  a  height  of  34  ft.,  in  about 
seven  minutes.  The  section  at  the 
centre  consists  of  three  web  plates 
I  in.  and  f  in.  thick,  with  eight  angles 
6  in.  bv  6  in.  bv  |^  in.  and  6  in.  by  4  in. 
by  I  in.,  and  nine  flange  plates  at  top 
and  bottom,  each  being  24  in.  wide 
and  f  in.  thick,  the  depth  over  the 
angles  being  2  ft.  6  in.  Stiffeners 
were  provided  on  the  inside  and  out- 
side webs  at  about  3-ft.  8-in.  centres, 
as  shown  in  the  drawing  of  this  girder 
in  Fig.  5.  This  is  an  exceptionally 
large  girder  for  a  building  of  this 
class,  and  its  magnitude  may  be  said 
to  represent  the  scale  of  the  work 
throughout,  which  is  bold  and  strik- 
ing. 

The  drawings  in  Fig.  6  illustrate 
the  method  of  framing  at  the  roof 
level  to  carry  the  corner  dome,  and  it 
will  be  seen  that  the  girders  which 
carrv  the  extreme  outside  corners  are 
actually  hung  up  to  the  fulcrum  girder 
Instead  of  resting  upon  the  upper 
flange  in  the  usual  manner.  This 
method  was  necessitated  by  certain 
fixed  levels,  and  it  is  ingenious  while 
being  practical  and  safe.  The  fulcrum 
beam  is  composed  of  two  24-in.  by 
yi-in.  by  loo-lb.  rolled  steel  joists, 
with  three  i6-in.  by  f-in.  plates  at  top 
and  bottom,  while  the  cantilevered 
beams  are  made  up  with  one  i8-in.  by 
7-in.   by  75-lb.   rolled  steel  joists,  and 
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three  12-in.  by  f-in.  plates  at  top  and  bottom;  the  ends  of  these  latter  are  con- 
nected by  two  i6-in.  by  6-in.  by  62-lb.  rolled  steel  joists,  which  come  immediately 
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Fig.  7.     Details  of  Stancheons. 
Messrs.  Whiteley's  New  Premises. 


urider  the  stone  cornice  and  carry  same.      The  column  loads  in  some  instances 
are  very  heavy,  rising  up  to  as  much  as  820  tons;  the  ordinary  front  stancheons 
+90 


MESSRS.   WHITELEY'S  NEW  PREMISES. 


carrying  570  tons  each  and  the  twin  columns,  also  situated  in  the  front,  having-  a 
load  of  647  tons. 


The  type  of  stancheon  employed  in  the  front  walls  consisted  in  many  cases 
of  two  channels  riveted  together  with  flang-e  plates;  a  typical  section  consisting 
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of  two   15-iii.   by  4-in.   channels,   four    14-in.    by   ;;-in.    plates,   and  two    14-in.   bv 
2-in.  plates.     'Ihe  drawing  illustrated  in  Fig.  7  shows  a  typical  instance  of  the 


twin  stancheons,   which  were  placed  with  a  distance  of  3  ft.   3  in.   between  the 
centres  with  connecting-  gusset  plates  at  the  head  and  base.      Each  stancheon  is 
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composed  of  two  rolled  steel  joists  and  flange  plates  below  the  ground  floor  level 
and  two  steel  channels  and  flange  plates  above  this  point.  This  method  gave  a 
slifi"  and  economical  form  of  stancheon,  which  was  also  applicable  for  its  position 
in  the  stonework,  each  of  the  pair  being  situated  behind  one  of  the  pair  of 
granite  columns,  which  are  a  feature  of  the  facade.  The  compound  steel 
stancheons  emploved  in  the  interior  of  the  building  were  built  up  with  three 
rolled  steel  joists  and  flange  plates,  one  steel  joist  being  placed  at  right  angles 
to  the  other  two  and  lacing  connected  to  the  webs,  giving  a  stiff  section  suitable 
for  the  heavy  loads  that  had  to  be  carried. 

A  typical  section  is  that  composed  of  two  20-in.  by  7^-in.  b}'  S9-lb.  rolled 
steel  joists,  one  14-in.  by  6-in.  by  57-lb.  rolled  steel  joist,  and  four  24-in.  by  i-in. 
flange  plates.  A  stancheon  of  this  size  required  a  base  plate  5  ft.  by  3  ft.  3  in. 
and  i^  in.  thick,  while  the  |-in.  gusset  plates  connecting  the  stancheon  to  the 
base  plate  required  to  be  stiffened  on  the  splayed  edges  by  steel  angles  to 
prevent  any  buckling  tendency. 

The  floors  were  constructed  to  carry  a  total  load  of  2  cwt.  per  foot  super, 
and  executed  on  the  hollow  block  system  of  the  Fram  Fireproof  Construc- 
tion Co.  A  certain  portion  of  the  floor  load  was  carried  on  the  main  back 
wall,  but  the  latter  was  in  turn  carried  on  large  girders  at  the  ground  floor 
level  and  did  not  go  right  down  to  the  soil.  One  of  these  large 
girders  had  a  span  of  30  ft.,  with  a  depth  of  2  ft.  6  in.  over  the  angles,  the 
section  at  the  centre  of  the  span  consisting  of  two  web  plates  f  in.  thick  and 
five  flange  plates  top  and  bottom  20j  in.  wide,  the  thickness  being  either  §  in. 
or  I  in.      \\'eb  stiffeners  were  provided  at  3  ft.  centres. 

Owing  to  the  large  area  of  the  building  it  had  to  be  divided  up  into  sections 
by  party  walls  to  comply  with  the  L.C.C.  requirements,  and  the  whole  of  the 
work  is  fire-resisting  in  character.  There  are  innumerable  items  of  con- 
structional interest,  and  it  must  be  considered  as  an  excellent  example  of  a  steel 
framed  building,  which  has  been  designed  in  a  scientific  manner,  with  due  regard 
to  all  the  restrictions  which  must  necessarily  be  imposed  in  a  building  intend:id 
for  commercial  purposes,  and  it  reflects  great  credit  upon  those  responsible  for 
its  conception  and  execution. 

The  glazing  for  the  domes,  as  well  as  the  whole  of  the  steelwork  for  domes, 
was  provided  and  fixed  by  the  British  Challenge  Glazing  Co.,  Ltd. 

The  whole  of  the  steel  construction  was  designed  by  Mr.  Alexander  Drew, 
of  Victoria  Street,  who  acted  as  consulting  engineer  to  the  architects,  and  the 
steelwork  contractors  were  Messrs.  Dorman,  Long  and  Co.,  of  Middlesborough, 
the  general  contractors  being  Messrs.   HoUoway  Bros.,  Ltd.,  of  London. 
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REINFORCED  CONCRETE  TO  HYDRAULIC 

WORKS. 

GENERAL  REPORT  by    MR.  JOHN   STEPHEN   SEWELL. 

Formerly  Major,  Corps  of  Engineers.  U.S.A.,  Gantt's  Quarry,  Ala. 

The  XlUh  International  Congress  of  Navigation  ivas  held  in  Philadelphia  in  May  last, 
■when  a  number  of  useful  papers  ivere  presented.  We  give  belotu  the  report  of  Mr.  J.  S. 
Seivell,  summarising  the  five  communications  presented  on  the  subfect  of  the  application  of 
reinforced  concrete  to  hydraulic  ivork.  —ED. 


No. 


No. 


32- 


33- 


Five  communications  on  this  subject  were  submitted  to  the  Congress,  as  follows  :— 

No.  31.   By    M.    Jacquinot,    Chief    Engineer   of    Fonts    et    Chaussees,    Chaumont 
(Haute-Marne),  France. 

By    Mr.    R.    W.    Vawdrey,    A.M.Inst.C.E.,    Portscatho,    Parkhill    Road. 
Sidcup,    England. 
By  the  Hungarian  State  Water  Survey. 

No.  34.  By  M.  Mederico  Perilli,  Chief  Engineer  of  the  Genio  Civile,  Ravenna,  Italy. 

No.  30.  By  Mr.  Richard  L.  Humphrey,  President,  National  Association  of  Cement 
Users,  United  States  of  America. 

.\  summary  of  the  five  papers  so  far  recei\ed  follows  :  — 

SUMMARY    or    PAPER    BY    M.   JACQUINOT. 

M.  Jacquinot  describes,  in  general  terms,  a  reinforced  concrete  water  tank  erected 
in  1875,  which  has  been  in  successful  use  since  that  date.  The  favourable  bearing  of 
this  case  in  the  question  of  durability  under  water  pressure  is  evident.  He  then  gives 
a  short  summary  of  the  use  of  reinforced  concrete  in  France.  He  describes  some  interest- 
ing encorbelments  or  cantilever  constructions,  carried  out  in  connection  with  the  en- 
largement of  the  St.  Lazare  railway  station  in  France.  While  these  were  not  works 
of  navigation,  the  applicability  of  such  forms  to  possible  cases  connected  with  naviga- 
tion is  evident. 

M.  Jacquinot  also  describes  some  highly  interesting  applications  of  dense  concrete, 
not  reinforced,  for  the  purpose  of  cutting  off  infiltrations  through  permeable  soils,  and 
through  dykes  of  both  earth  and  masonry. 

In  the  first  case,  a  wall  of  hollow  blocks  made  of  very  dense,  well-rammed  concrete 
was  built  in  a  trench  dug  down  through  the  permeable  soils. 

The  slopes  of  the  earthen  dykes  were  riveted  with  slabs  of  similar  material,  and 
the  upstream  faces  of  the  masonry  dykes  were  faced  with  it.  The  care  and  ingenuity 
expended  in  making  the  joints  secure  against  percolating  water,  and  in  providing  a 
harmless  exit  for  any  water  that  might  leak  through,  are  worthy  of  special  attention ; 
the  success  of  the  work,  in  all  .cases,  seems  to  be  assured.  In  connection  with  the 
facing  of  the  masonry  dyke  of  the  Mouche  reservoir,  two  experiments  with  reinforced 
concrete  are  described.  While  the  types  experimented  with  were  not  finally  adopted, 
there  seems  no  reason  why  the  last  one  of  the  two,  at  any  rate,  might  not  have  been 
made  successful. 
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The  dykes  above  referred  to  all  pertained  to  reservoirs  connected  with  the  Marne- 
Saone  Canal.  There  is  also  a  description  of  a  thin  reinforced  facing  of  the  same  dense 
concrete,  applied  to  some  rubble  quay  walls  connected  with  the  same  canal,  to  render 
them  watertight.  A  coating  of  hot  tar  was  applied  to  the  finished  work.  It'is  entirely 
sucxressful. 

Reference  is  also  made  to  a  reinforced  screening  wall,  constructed  in  1903,  and 
reported  to  the  St.  Petersburg  Congress,  which  is  still  behaving  satisfactorily.  This 
wall  was  built  at  the  Settons  dyke.  Here,  also,  hot  tar  has  been  found  a  useful 
adjunct. 

Three  interesting  dykes,  or  dams,  in  the  French  Pyrenees  are  described,  in  all  of 
which  reinforced  concrete  is  used  for  a  water-tight  revetment,  and,  in  one  case,  for 
the  construction  of  a  gallery  which  affords  access  to  the  rear  face  of  the  foot  wall 
for  inspection  and  repairs;  presumably  this  gallery  may  be  useful  also  for  inter- 
cepting and  carrying   away  any  percolating  water. 

In  some  of  the  revetments  and  watertight  barriers  and  facings  described  by  M. 
Jacquinot  a  few  insignificant  cracks  have  appeared,  but  apparently  they  are  no  greater 
than  would  have  been  inevitable  in  jointed  masonry  walls  of  equal  extent.  Although 
some  of  these  works  are  exposed  in  a  severe  climate,  no  ill-effect  of  frost  at  the  water 
line  is  apparent,  which  shows  that  it  is  possible  to  make  such  work  secure  under  con- 
ditions that  have  caused  some  failures  and  many  misgivings  hitherto.  The  only 
requisites  for  success  seem  to  be  care  and  intelligence  in  design  and  execution. 

M.  Jacquinot  also  describes  a  very  interesting  aqueduct,  partly  closed  and  partlv 
open,  designed  to  carry,  apparently,  both  storm  water  and  sewage.  The  foundation 
was  very  soft,  and  full  advantage  was  taken  of  the  structural  qualities  of  reinforced 
concrete  to  reduce  the  weight  to  a  minimum.  After  several  months'  use,  no  deteriora- 
tion is  apparent,  but,  in  this  case,  it  will  be  interesting  to  hear,  at  future  meetings  of 
the  Congress,  whether  the  sewage  has  had  any  deleterious  chemical  effects  on  the 
cement.  The  invert  has  been  protected  from  abrasive  action  bv  a  masonry  facing. 
This  is  common  practice,  but  it  may  be  asked  whether  the  dense  rammed  concrete 
described  elsewhere  would  not  have  been  cheaper  and  equally  effective.  A  number  of 
other  reinforced  concrete  conduits  are  described,  together  with  an  ingenious  form  of 
movable  centering  used  in  one  case.  All  of  these  works  have  been  successful,  and  as 
some  of  them  are  subjected  to  heavy  pressure,  they  confirm  the  favourable  conclusions 
to  be  drawn  from  the  behaviour  of  the  water  tank  first  mentioned. 

M.  Jacquinot  describes  a  number  of  instances  of  the  successful  use  of  reinforced 
concrete  for  canal  troughs  and  revetments  of  embankments,  in  both  irrigation  and 
water  power  developments.  The  works  are  all  successful ;  the  cracks  and  leaks  are 
all  insignificant — probably  not  greater  than  would  be  experienced  with  any  type  of 
structure  hitherto  used  for  similar  purposes.  Two  successful  reinforced  concrete  dams 
are  briefly  described  and  reference  is  made  to  some  sills  or  submerged  weirs  con- 
structed for  regulating  the  gradients  of  mountain  streams.  The  latter  have  suffered 
from  the  abrasive  action  of  gravel,  and  fears  are  expressed  that  the  same  cause  may 
injure  some  of  the  works  pertaining  to  .\lpine  power  plants. 

One  of  the  most  interesting  applications  of  reinforced  concrete  described  by  M. 
Jacquinot  consists  of  the  construction  of  some  gangways  (towpaths)  in  the  tunnels  of 
the  Nord  Canal.  The  material  seems  to  have  found  here  an  ideal  application  in  a  field 
belonging  to  itself  alone. 

Of  equal  interest  are  the  brief  descriptions  of  quay  walls  and  jetties  of  various 
types,  of  the  reinforced  concrete  arch  built  over  the  St.  Martin  Canal  where  it  passes 
through  Paris,  and  of  the  jetty  for  the  State  Railway  at  Bordeaux.  A  number  of 
bridges  are  mentioned,   with  brief  descriptions  of  interesting  features. 

The  conclusion  presented  with  this  communication  is  an  argument  for  the  fearless 
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use  of  reinforced  concrete  under  tlic  guidance  of  experience  and  j:^ood  judgment,  and 
for  the  development  of  its  many  possibilities  in  connection  with  na\igation  works,  not 
omitting  the  question  of  artistic  appearance. 

MR.    VAWDREYS    PAPER. 

Mr.  Vawdrey  states  that  the  ajjplicaljon  of  reinforced  concrete  to  works  con- 
nected with  inland  navigation  lias  not  been  so  extensive  in  Great  Britain  as  in  other 
countries  owing  to  the  decline  of  inland  navigation  itself,  and  also  to  the  fact  that 
the  materials  for  concrete  in  mass  are  generally  so  cheap  and  abundant  that  the 
economv  of  reinforced  concrete  has  not  been  apparent. 

He  states,  however,  that  the  extent  to  which  it  has  found  application  in  connection 
with  the  Manchester  .Ship  Canal  is  an  indication  that  it  will  be  freely  used  in  the 
event  of  a  revival  of  inland  navigation  generally. 

Bridges  —  Mr.  \'awdrey  describes  a  reinforced  concrete  bridge  at  Warrington, 
over  the  Mer.-icv,  designed  and  built  on  the  Considere  svstem.  It  is  a  structure  of  con- 
siderable magnitude,  and  is  interesting  in  both  design  and  execution.  It  had  tem- 
porarv  hinges  at  the  springing  lines  and  the  crown  to  permit  the  bridge  to  adjust 
itself  to  the  dead  load.  These  were  eliminated  by  work  done  subsequent  to  the 
striking   of   the   centres. 

Two  bridges  just  completed  at  Blackburn,  and  a  third  just  begun  at  Burnley,  over 
the  Leeds  and  Liverpool  Canal,  are  also  described.  They  are  reinforced  with  Indented 
bars.  The  arches  are  made  continuous  with  the  abutments,  w^hereby  they,  could  be 
designed  of  lighter  section  and  afford  more  headroom.  In  these  bridges  steel  with  a 
yield  point  of  50,000  lb.  per  sq.  in.  was  used,  and  apparently  the  working  stresses 
were  proportioned  to  this  high  figure.  Mr.  \awdrey  argues  that  as  this  steel  is 
possessed  of  great  ductility  there  can  be  no  objection  to  its  use,  as  it  is  not  liable  to 
break  in  bending. 

Mr.  Vawdrev  also  brietiv  refers  to  several  other  successful  bridges  in  reinforced 
concrete. 

Piers  aad  Jetties.— One  pier  is  described  and  illustrated  by  Mr.  Vawdrey.  It 
was  built  at  Gravesend  on  the  Thames  for  the  Amalgamated  Press,  Ltd.  The  rein- 
forced concrete  piles  were  driven  in  ^pairs,  and  the  outer  ones  were  stiffened  against 
buckling  and  shocks  by  enclosing  each  pair  in  a  cylinder  of  reinforced  concrete. 

Warehouses,  ere— Under  this  head  Mr.  \'awdrey  states  that  many  such  struc- 
tures have  been  built  in  maritime  ports,  but  in  connection  with  inland  navigation 
he  briefly  describes  only  the  warehouses  connected  with  the  Manchester  Ship  Canal, 
having  740,000  sq.  ft.  of  floor  area,  and  designed  for  heavv  loads.  They  are  built 
on  the  Hennebique  system. 

Water  Supply.— As  most  of  the  canal  reservoirs  constructed  in  England  were 
built  some  time  ago,  the  dams  are  all  of  earth  or  masonry.  But  a  pump  house,  con- 
nected with  the  Manchester  Ship  Canal,  has  been  built  of  reinforced  concrete.  It  con- 
tains a  large  Diesel  engine  and  a  36-in.  centrifugal  pump,  and  is  notably  free  of 
vibration.  There  are  also  some  reinforced  concrete  culverts  in  connection  with  the 
same  work. 

A  reinforced  concrete  pontoon,  100  ft.  long  and  28  ft.  wide,  now  in  process  of 
construction,   is  referred  to. 

Sundry  Worlcs. — Mr.  Vawdry  states  that  a  number  of  other  applications  of  rein- 
forced concrete  have  been  made  in  connection  with  navigation  works,  such  as  guide 
piles,  sheet  piles,  coal  tipples,  coaling  stations,  and  guide  booms,  some  of  the  last- 
named  being  extremely  heavy. 

In  connection  with  warehouses,  Mr.  \'awdrey  describes  some  of  the  limitations  of 
design  imposed  bv  municipal  authorities  upon  reinforced  concrete  buildings,  noting 
especially  the  requirements  that  columns  in  lower  stories  of  warehouses  must  be 
designed  for  all  floors  fully  loaded,  and  that  exterior  walls  must  be  heavy  enough  for 
bearing  walls. 
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While  Mr.  Vawdrey  submits  no  formal  conclusions,  it  is  apparent  that  he  considers 
reinforced  concrete  a  suitable  material  for  use  in  connection  with  navigation  works. 
PAPER    BY    HUNGARIAN  STATE   WATER   SURVEY. 

In  this  paper,  submitted  by  the  Hungarian  State  Water  Survey,  a  dam  and  two 
locks  are  described. 

A  dam  and  lock  at  the  mouth  of  the  Koros  River  at  Bokeny  were  built  entirely  of 
reinforced  concrete.  The  dam  is  of  the  Poiree  type,  33  metres  long  across  the  current 
and  21-35  metres  wide  in  the  direction  of  the  current,  with  a  difference  of  level 
between  pools  of  3  metres. 

The  invert  is  protected  against  undermining  by  reinforced  concrete  sheet  piling 
driven  on  the  upstream  side.  The  driving  was  done  partly  by  water  jet  and  partly  by  a 
hammer.  Longitudinal  grooves  in  the  sides  of  piles  afforded  means  of  closing  the 
joints  between  them,  the  grooves  being  filled  with  cement. 

The  invert  and  the  piers  of  the  dam  were  built  in  reinforced  concrete  piles  with 
circumferential  grooves,  designed  to  increase  the  resistance  to  pulling ;  the  invert  was 
fastened  down  to  the  piles  so  that  any  tendency  to  lift,  due  to  hvdrostatic  pressure  from 
the  upper  pool,  would  be  resisted  by  the  piles  themselves,  as  well  as  the  weight  of  the 
masonry.  The  invert  consisted  of  principal  and  secondary  beams,  connected  by  a 
relatively  thin  slab ;  the  pockets  thus  formed  are  filled  with  lean  concrete  in  mass. 
The  side  walls  of  the  dam  were  built  with  ribs.  A  foundation  of  mass  concrete,  from 
•20  to  -25  metre  thick,  was  put  in  over  the  entire  site,  to  serve  as  a  level  foundation 
for  the  reinforced  concrete  work. 

In  the  main,  light  steel  members  were  used  for  fastening  the  piles  and  the  invert 
together. 

The  Bokeny  lock  is  70  metres  long,  10  metres  wide,  w"th  a  lift  of  3  metres.  It  is 
not  built  in  or  along  the  river,  but  in  a  canal,  cutting  orf  a  bend.  .As  the  soil  here 
was  firmer  than  at  the  dam,  the  lock  is  not  built  on  piles,  but  the  invert  was  made 
stronger.  It  consists  of  principal  and  secondary  beams,  with  the  pockets  filled  with 
lean  concrete,  as  in  the  case  of  the  dam.  The  invert  was  calculated  as  a  girder,  rest- 
ing on  an  elastic  foundation,  and  carrying  a  uniformly  distributed  load.  Some  details 
of  the  assumption  made  in  the  calculation  of  the  invert  are  set  forth  in  the  paper. 

The  side  walls  are  built  with  ribs,  connected  to  the  invert  beams,  so  as  to  make 
a  monolithic  structure  of  the  whole  lock.  No  masonry  facing  is  used  on  this  lock, 
but  the  sills  are  protected  with  angle- irons  or  plates,  and  the  side  walls  are  protected 
by  vertical  timbers,  fastened  to  the  ribs. 

In  connection  with  both  the  dam  and  the  lock,  watertight  inverts  and  bank 
revetments  of  reinforced  concrete  have  been  constructed  both  above  and  below,  to 
direct  the  f^ow  of  the  water  and  provide  additional  safeguards  against  scouring.  The 
invert  and  revetments  consist  of  reinforced  concrete  slabs,  fastened  down  with  small 
reinforced  concrete  piles  at  the  corners,  the  joints  between  the  slabs  being  afterwards 
filled  with  concrete. 

This  lock  and  dam  have  been  successful.  The  paper  discusses  the  advantages 
of  reinforced  concrete  for  such  work  erected  on  wet  and  compressible  foundations.  It 
is  pointed  out  that  a  reinforced, concrete  invert  is  only  from  ^  to  5  as  thick  as  an 
equivalent  invert  of  mass  concrete.  This  reduces  the  depth  of  the  excavation,  lessens 
the  trouble  with  the  ground  water,  and  thus  does  away  altogether  with  a  large  part 
of  the  most  expensive  work. 

Reinforced  concrete  can  also  accommodate  itself  to  slight  inequalities  of  settle- 
ment without  cracking. 

The  opinion  is  expressed  that  the  consistent  use  of  intersecting  beams,  forming 
rectangular  pockets,    and   the  adoption  of   light  reinforcement   conforming   to  a  com- 
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plicatt'd  (Icsii^n,  ;is  in  tlic  rase  of  \hv  work  at  BoI<<'nv,  are  not  Ihc  best  niclliocls  for 
general  use,  on  the  ;L;rouiul  thai   the}    arc  not   the  most  sini|)li-  in  execution. 

Some  cracks  have  appeared  in  the  side  walls  of  the  lock,  which  are  interpreted  as 
an  indication  that  expansion  joints  ought  to  be  provided  ;  the  absence  of  a  facing  better 
adapted  than  concrete  to  resist  abrasion  is  also  the  cause  of  some  doubts  as  to  the 
future. 

The  Hungarian  paper  also  describes  a  lock  in  course  of  construction  in  one  of 
the  branches  of  the  Danube,  near  Budapest.  It  is  founded  on  stiff  ciav,  overlving  a 
bed  of  coarse  gravel.  A  competition  was  held  for  the  design  of  this  lock,  and  while 
one  plan  was  adopted  and  the  work  entrusted  to  the  designer,  several  of  the  com- 
petitive designs  were  acquired,  and  some  features  taken  from  them  are  embodied 
in  the  final  working  plans.  One  of  the  competitive  designs  is  described  in  some 
detail  and  is  nt)teworthy  for  the  full  advantage  taken  of  the  structural  value  of 
reinforced  concrete  in  securing  side  walls  of  minimum  weight. 

In  the  adopted  design  the  site  of  the  lock  was  surrounded  by  caissons,  which 
were  apparently  of  timber,  filled  with  concrete,  with  a  small  amount  of  reinforcement. 
The  caissons  were  sunk  by  compressed  air. 

The  following   features  were  embodied  in   the  design  : — 

1.  Elimination,  as  far  as  possible,  of  the  consequences  of  unequal  settlement. 

2.  Employment  of  reinforced  concrete  only  where  its  use  is  justified  bv  lack  of 
space,  or  to  avoid  heavy  loads. 

3.  Protection  of  the  side  walls  and  the  heads  of  the  lock  b}'  facing. 

The  cross  section  of  the  lock  was  divided  into  three  parts — namelv,  two  self- 
supporting  retaining  walls,  with  spread  footings  forming  a  portion  of  the  invert,  and 
a  separate  section  of  invert,  filling  the  space  between  the  edges  of  the  wall  footings. 
The  joints  were  closed  by  means  of  corrugated  copper  sheets. 

A  continuous  reinforced  invert  is  used  at  the  heads  of  the  lock.  The  concrete  of 
'.he  .'■.ide  walls  is  tied  to  that  of  the  caissons  by  means  of  rods  embedded  in  both. 

The  caissons,  sunk  into  the  clay,  are  depended  upon  to  render  the  lock  watertight. 

The  opinion  is  expressed  that  reinforced  concrete  is  especially  suitable  for  use 
where  the  foundations  are  weak  and  heavy  loads  dangerous. 

The  inference  is  that,  in  other  situations,  more  massive  construction,  without 
leinforcement,  is  probably  to  be  preferred. 

No  formal  conclusion  is  presented  with  the   Hvingarian  paper. 

PAPER    BY    M.    M.    PERILLI. 

This  paper,  bv  M.  Mederico  Perilli,  describes  a  number  of  interesting  and  im- 
portant works  in  reinforced  concrete  in  various  parts  of  Italy.  The  descriptions  are 
accompanied  with  numerous  illustrations  and  with  general  cost  figures  in  a  number 
of    cases. 

M.  Perilli  states  that  the  applications  of  reinforced  concrete  to  hydraulic  works 
in  Italv  are  very  numerous,  although  those  pertaining  strictly  to  inland  navigation 
are,  as  yet,   relativelv  few. 

^^'Orks  of  General  Interest. —  i.  Resurrection  bridge  over  the  Tiber  at 
Rome.  This  is  an  old  bridge,  with  a  span  of  100  metres  and  a  rise  of  lo  metres.  The 
time  required  for  its  construction  was  only  a  little  over  twelve  months.  The  founda- 
tions for  the  abutments  had  to  be  built  in  very  poor  soil.  The  abutments  were 
.supported  on  piles  put  in  by  a  special  process,  which  resulted  in  compressing  the 
soil ;  pits  for  the  reception  of  the  piles  were  formed  by  dropping  hammers  of  special 
form,  and  the  concrete  was  rammed  into  them  by  the  same  means.  Mass  concrete 
was  placed  over  the  piles,  up  to  ground  level,  and  the  abutments  were   built   on  this 

498 


s 


.coNSTRucTicjsALl  CONCRETE  IN  HYDRAULIC   WORKS. 

^  ENGI>JEEJ?INO  ~—- J 


concrete  in  the  form  of  caissons  subdivided  and  strengtliencd  by  ribs  in  both  directions. 
The  nuh  is  monolithic,  20  centimetres  thick  at  the  crown,  and  50  centimetres  thick 
at   the  springing  Hnes. 

It  carries  seven  spandrel  walls,  on  which  the  deck  and  superstructure  are  built. 
The  total  cost  of  the  bridge  was  1,250,000  lire. 

_'.  Bridges  over  the  Padrongianus  and  Posada  torrents,  in  Sardinia.  These 
are  two  bridges,  one  of  seven  and  one  of  nine  spans  of  20  metres  each,  over  torrential 
streams.  They  are  continuous  girder  bridges,  with  four  main  girders  to  each  span. 
The  secondary  beams  form  ribs  for  the  floor  slab,  which  is  designed  as  a  continuous 
T-beam. 

The  piers  and  abutments  are  built  on  concrete  piles,  reinforced  with  longitudinal 
rods  and  spiral  hooping.     The  tests  of  all  these  bridges  were  eminently  satisfactorv. 

3.  Bridge  of  five  spans  over  the  river  Magra.  This  is  a  graceful  arch  bridge  built 
near  .St.  Stefano.  Each  span  is  50  metres,  with  a  rise  of  5  metres.  The  arches  are 
supported  on  piers  and  abutments  put  in  by  means  of  compressed  air.  The  gravelly 
subsoil  under  the  piers  and  abutments  was  consolidated  by  the  injection  of  cement 
grout  under  pressure. 

The  arches  are  6  metres  wide  over  all,  but  the  deck  slab  overhangs  and  has  a 
width  of  7'2  metres  over  all.  This  bridge  was  subjected  to  severe  test  loads  and 
carried  them  satisfactorily. 

4.  Composite  bridge  on  the  Fosso  Vecchio,  in  connection  with  improvement  works 
on   the  Reno. 

This  bridge  consists  of  trussed  girders,  in  which  the  tension  members  are  of 
steel,  while  the  compression  members  are  of  reinforced  concrete.  The  reinforcement 
is  fastened  to  the  steel  members.  The  reinforced  concrete  floor  system  takes  the 
place  of  the  floor  girders  and  beams  as  well  as  the  lateral  bracing  required  at  the  floor 
level  of  an  all-steel  bridge.     This  bridge  carried  its  test  loads  in  a  satisfactory  manner. 

5.  Syphons  under  the  branch  of  the  Omborne,  in  the  province  of  Grosseto. 
These  are  reinforced  concrete  syphons  for  carrying  away  the  waters  from  adjacent 
low   lands. 

6.  Weir  over  a  network  of  rivers  in  the  Province  of  Ravenna.  This  is  a  movable 
dam  of  the  needle  type,  designed  to  control  sediment-bearing  waters  which  are  distri- 
buted by  various  works  over  adjacent  low  lands,  for  the  fertilising  value  of  the  sedi- 
ment. The  needles  are  supported  on  revoKing  iron  bars,  which  in  turn  rest  on  fixed 
trestles  of  reinforced  concrete.  The  sills  and  trestles  are  supported  by  piles,  apparently 
of  reinforced  concrete,  though  this  is  not  specificallv  stated.  Infiltration  under  the 
sills  is  prevented  by  sheet  jjiling,  also  apparently  of  reinforced  concrete.  By  a  special 
device,  all  of  the  needles  can  be  raised  from  the  sill  simultaneouslv  ;  thev  then  swing 
down  stream  under  the  influence  of  the  current,  thus  opening  the  dam  almost 
instantaneously. 

//.  Works  pertainiDg  to  Inland  Navigation. —  i.  Protective  works  on  the  banks 
of  navigable  canals. 

The  sandy  banks  of  the  Candiano  Canal,  in  the  Province  of  Ravenna,  have  been 
protected  in  places  by  means  of  reinforced  concrete  piles,  about  '2  metre  square, 
driven  3  metres  apart,  centre  to  centre,  connected  at  the  top  by  a  beam  of  the  same 
cross  section  as  the  piles  ;  behind  the  beam  the  space  is  closed   by  sheet  piling. 

The  length  of  the  piles  varies  according  to  circumstances,  and  where  their  length 
is  great  they  are  anchored  back  to  shorter  ])iles  driven  some  distance  behind  them  in 
the  solid  bank. 

\t  some  points  sloping  banks  have  been  riveted  wi.h  reinforced  concrete  slabs, 
which  simply  extend  up  from  the  toe  of  the  bank,  with  the  edge  at  the  toe  protected 
by  rip  rap ;  in  some  cases  the  revetment  abuts  at  its  lower   edge  against   a  concrete 
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foundation  wall  clcc|)  moiij^h  to  prcM'nL   scour;   in  other  cases,  where  the  water  could 
not  be  drawn  off,  the  re\elnient  springs  frtxm  a  row  of  piles. 

2.  Unloading  wharves  along  the  Canal  of  Porto  Corsino,  in  the  Province  of 
Ravenna. 

Some  extensions  of  loading  and  unloading  \\har\'es  of  this  canal  were  executed 
in    reinforced    concn-te,    as    follows  :• — 

A  row  of  groimd  |)iles  is  dri\H'n  along  the  water  edge.  Two  parallel  rows  of  |)iles 
are  drixcn  in  the  rear,  making  thi"ee  rows  in  all,  _^  metres,  centre  to  centre.  The  three 
rows  of  piles  supj^ort  a  system  ot  beams  and  a  reinforced  concrete  slab;  on  the 
water  side  of  the  superstructure  is  a  longitudinal  wall,  1-73  metres  high;  behind  this 
the  platform  is  covered  with  earth,  wh.ich  is  de])en(lcd  uixin  to  increase  the  stability 
of    the   work. 

3.  Landing  stages  on  the  Baiona  Canal  of  Ravenna. 

These  are  reinforced  concrete  wharves  designed  for  mooring  ves.sels  and  for 
handling  coal.  They  consist  of  reinforced  concrete  piles,  carrying  a  system  of  trussed 
girders  and  a  floor  slab,  all  of  reinforced  concrete.  The  details  are  well  shown  in 
the  illustrations. 

4.  River  port  on  the  Tiber,   at  Rome. 

This  work,  undertaken  to  increase  the  water-borne  traffic,  is  designed  to  regulate 
the  river  and  finish  the  banks  in  such  a  manner  as  to  facilitate  the  handling  of 
merchandise. 

The  low-water  channel  is  confined  between  rows  of  reinforced  concrete  caissons, 
resting  on  a  foundation  of  rubble  stone,  levelled  by  divers ;  the  caissons  are  filled  with 
mass  concrete.  Some  of  the  caissons  were  built  of  concrete  blocks,  the  reinforcement 
being  built  in.  Others  were  cast  in  moulds.  They  were  built  on  shore  and  floated 
into  place.  On  the  shore  side  of  the  caissons  is  a  gently  sloping  berme  of  concrete, 
covered  on  top  with  a  slab,  apparently  of  reinforced  concrete.  The  berme  is  succeeded 
by  a  slope  of  45°,  heavily  riveted  to  a  level  abo\e  high  water.  A  total  of  300  metres 
of  these  quays  have  been  built,     'i'hey   have  proven  satisfactt)ry. 

5.  River  port  on  the  Po  at  Pontelagoscuro. 

This  worlv  consists  essentially  of  reinforced  concrete  wharves  for  handling  freight. 
K  is  in  two  sections,  one  for  light  traffic,  and  one,  eciuipped  with  cranes,  for  lieavv 
traffic. 

Both  sections  consist  of  reinforced  concrete  columns,  resting  on  reinforced  concrete 
piles,  with  the  usual  and  necessary  tie  beams  and  braces  and  a  floor  svstem,  all  of 
reinforced  concrete,  the  whole  constituting  a  framed  structure.  Each  column  rests 
on  a  group  of  four  piles. 

6.  Station  on  the  Tiber  for  unloading  coal   for  the  .\nglo-Roman  Com]Kmy. 
This   consists  essentially  of  a   crane   track    for    the   unloading   crane.      Two   rows 

jf  octagonal  piles  of  hooped  concrete  carry  longitudinal  beams,  which  support  the 
crane  track;  the  tops  of  the  piles  are  also  connected  by  cross  beams-  and  diagonal 
braces  of  reinforced  concrete. 

7.  Boats.  Several  types  of  boats  are  described,  all  consisting  of  metal  frame- 
worlv  bedded   in   concrete. 

A  50-ton  barge  for  carrying  merchandise,  and  a  wagon  ferrv,  are  illustrated. 
Several  others  are  briefly  described.  .Some  of  these  vessels  have  been  tested  under 
both  load  and  impact  and  then  accepted;  it  is  inferred  that  they  are  successful. 

8.  Syphons  for  regulating  water  level. 

Two  forms  of  syphon,  designed  to  regulate  the  level  of  the  water  in  a  reservoir, 
or  upper  pool,  are  described.  Their  interest  lies  in  the  fact  that  they  .are  built  almost 
entirelv  in  reinforced  concrete. 
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-M.  Perilli  says  the  conclusion  is  justified  that  reinforced  concrete  has  technical 
and  economic  advantages  which  adapt  it  for  use,  and  entitle  it  to  preference  in  many 
cases. 

PAPER    BY    MR.    RICHARD    L,   HUMPHREY. 

Mr.  Humphre\-  j^ives  some  details  of  the  origin  of  hydraulic  cement,  both 
"  Natural  "  and  Portland.  He  also  gives  some  facts  of  interest  relative  to  early 
canals  in  the  United  States,  showing  how  the  requirements  of  lock  masonry  gave 
rise  to  a  demand  for  a  cement  which  would  set  under  water.  This  resulted  in  the 
in\ention  and  manufacture  of  cements  of  the  "  natural  "  or  Rosendale  tvj)e  which 
until  recently  were  widely  used  in  this  country. 

.A.  resume  is  given  of  the  qualities  which  render  concrete  so  generallv  useful,  and 
reference  is  made  to  important  works  of  recent  date,  which  probably  would  have  been 
prohibitive  in  cost  but  for  the  availability  of  Portland  cement,  which,  in  one  case — 
the  Roosevelt  dam — was  manufactured  on  the  site  from  local  materials  with  satis- 
factory results.  It  is  stated  that  the  annual  consumption  of  Portland  cement  in  the 
United  States  amounts  to  76,000,000  barrels,  and  that  much  of  this  is  used  in  connection 
with  waterways.  Some  reference  is  made  to  the  danger  of  deterioration  where  con- 
crete is  exposed  to  freezing  in  contact  with  water,  or  to  water  highlv  charged  with 
alkaline  salts;  and  to  the  general  opinion  that  rich,  dense,  w?ll-mixed  concrete  will 
withstand  these  agencies. 

The  author  then  proceeds  to  cite  many  cases  of  the  application  of  concrete,  both 
plain  and  reinforced,  with  the  object  of  giving  an  idea  of  the  extent  of  this  a])plicat!on, 
rather  than  giving  details,  alhough  the  latter  are  not  wholly  lacking. 

Canals.  —  Under  this  heading  the  author  refers  to  a  number  of  important  works, 
and  submits  photographs  which  largely  speak  for  themselves.  The  works  referred  to 
are  the  Panama  Canal,  the  New  York  Barge  Canal,  several  works  of  the  Corps  of 
Engineers,  U.S.  Army,  and  one  executed  by  the  Am.erican  Steel  and  \\'ire  Companv 
on  the  Monongahela   River. 

Locks  and  Dams.  —  L'nder  this  heading  the  author  submits  views  and  brief 
data  relative  to  a  number  of  locks  and  dams  in  the  United  States.  He  also  refers  to 
the  use  of  concrete  for  bank  protection  and  for  breakwaters. 

A  reinforced  concrete  retaining  wall  at  Columbus,  Ohio,  is  illustrated.  It  is  of 
light  section,  and  resists  the  pressure  by  transmitting  the  thrust  through  buttresses 
01  counterforts  to  the  foundation. 

A  bank  protection  of  concrete  blocks  at  Junction  Citv,  Kansas,  a  heavv  massive 
retaining  wall  built  by  the  National  Tube  Works  along  the  Monongahela  River,  and 
the  Galveston  Sea  Wall  are  all  illustrated  and  briefly  described. 

Quay  wells  and  sea  walls  of  various  types  are  shown,  and  a  reinforced  concrete 
shell  for  protecting  timber  piles  from  the  toredo  is  illustrated  by  photographs. 

Harbour  WorA-s.  — This  section  of  the  paper  is  introduced  with  the  statement 
that  concrete  has  come  to  be  a  standard  material,  not  only  for  quav  walls,  but  also 
for  piers,  docks,  and  other  structures,  and  that  the  reinforced  concrete  pile  is  graduallv 
taking  the  place  of  the  wooden  pile  because  of  its  superior  durability.  It  is  also 
stated  that,  while  a  reinforced  concrete  pile  is  more  expensive  than  a  wooden  one,  a 
smaller  number  is  required,  so  tliat  where  the  upper  ends  of  the  piles  are  built  into 
a  concrete  superstructure  the  total  cost  is  often  less  than  with  wooden  piles.  The 
reinforced  concrete  piles  are  generally  moulded  on  shore,  then  either  driven  or  jetted 
into  position;  sometimes  both  driving  and  jetting  are  resorted  to.  It  is  stated  that 
piles  driven  after  hardening  are  better  than  those  moulded  in  place  inside  of  a  casing, 
because  the  casing  is  usually  not  watertight  and  the  access  of  the  water  to  the  green 
concrete  prevents  the  latter  from  being  of  the  best  quality. 

Irrigation      Works.  —  The  extensive   works   built   and   under    construction   by   the 
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United  States  Reclamation  Service  afford  many  illustrationo  of  the  success  and 
economy  attendint^  the  use  of  concrete.  The  Roosevelt  dam,  where  the  cement  was 
manufactured  on  the  site,  is  one  example. 

Miscellaaeous.  —  Under  this  headint^  attention  is  aj^ain  called  to  the  use  of  rein- 
forced concrete  caissons  made  on  shore  and  floated  into  place,  as  at  the  Algoma  Break- 
water;  also  to  a  method  of  depositing  concrete  under  water  through  a  tremie  pipe 
with  its  lower  end  buried  in  the  concrete;  the  pi])e  is  raised  as  the  concrete  flows  out  at 
the  bottom,  but  is  kept  buried  in  the  mass,  so  that  only  the  outer  layer  of  concrete 
is  in  contact  with  the  water.  This  method  was  used  in  constructing  the  Detroit 
River  Tunnels. 

Destructive  Agencies.  —  I'nder  this  heading  Mr.  Hunij^hrey  discusses  the  various 
kinds  of  distintegration  that  have  appeared  in  concrete  structures.  He  reaches  the 
conclusion  that  poor  materials  or  workmanship,  or  mistaken  methods,  are  at  the 
bottom  of  most  of  the  trouble.  He  believes  that,  in  case  of  concrete  disintegrating 
in  either  fresh  or  salt  water,  the  trouble  is  due  to  porosity  and  freezing,  and  states 
that  many  engineers  have  expressed  similar  views.  He  thinks  that  sea  water  has  but 
little  chemical  effect  upon  concrete,  and  then  only  after  disintegration  by  freezing  has 
begun.  Nevertheless,  he  recommends  the  use  of  enough  silica  in  proper  form  to 
satisfy  all  the  free  lime  in  cement  that  is  to  be  exposed  to  sea  water. 

But  he  considers  that  the  chief  cure  for  the  trouble  is  to  select  and  proportion  the 
materials  so  as  to  secure  a  dense  impervious  mixture,  and  to  allow  the  concrete  to 
harden  before  exposure. 

He  recommends  a  reasonably  wet  mixture — as  wet  as  possible,  to  avoid  danger  of 
separating  the  ingredients — and  very  thorough  mixing.  The  aggregate  must  be  hard 
and  dense,  and  chemically  inert,  and  every  precaution  taken  to  ensure  a  homogeneous 
and  impervious  concrete.  Such  material,  if  permitted  to  harden  before  exposure  to  sea 
water,  may  be  expected  to  resist  its  destructive  effects,  as  well  as  the  action  of  the 
first.  Mr.  Humphrey  states,  as  a  result  of  his  own  observation,  that  even  rather  poor 
concrete  shows  little  evidence  of  deterioration  below*  low  water  line ;  he  also  states 
that  in  tropical  waters  no  good  concrete  has  suffered,  but  does  not  give  specific 
examples. 

Mr.  Humphrev  also  discusses  the  disintegration  that  has  appeared  in  concrete 
structures  erected  by  the  Reclamation  Service  in  the  alkali  regions  of  the  west.  The 
trouble  is  attributed  to  the  crystallisation  of  alkaline  salts  in  the  concrete,  producing 
a  mechanical  effect  similar  to  that  produced  by  freezing.  The  alkaline  ground  water 
is  abso-bed  into  the  concrete  by  capillary  action  and  evaporates  from  the  surfaces 
exposed  to  the  dry  air ;  this  results  in  the  formation  of  crystals  in  the  concrete,  with  a 
consequent  disruptive  action.  Similar  trouble  has  been  experienced  under  the  same 
conditions  with  other  building  materials,  such  as  stone  and  bricks,  which  were  porous 
enough  to  absorb  any  considerable  percentage  of  water.  Mr.  Humphrey  considers  that 
density  and  strength  are  the  best  safeguards  against  this  action,  but  states  that  the 
problem  is  not  completely  solved. 

He  refers  to  some  experiments  recently  conducted  by  the  Department  of  Agriculture 
that  indicate  that  the  addition  of  5  to  10  per  cent,  of  residuum  oil  of  petroleum  may 
result  in  the  desired  degree  of  imperviousness. 

The  dangers  due  to  corrosion  of  the  embedded  metal  in  reinforced  concrete 
are  discussed  and  illustrated  by  references  to  some  reinforced  concrete  piles  in  Atlantic 
City,  where,  due  to  the  use  of  porous  aggregates  and  to  imperfect  covering  of  the  rein- 
forcement, the  metal  has  exhibited  progressive  corrosion  which  promises  soon  to 
destroy  the  work.  Other  reinforced  concrete  piles  in  the  same  locality,  in  which  better 
materials,  methods,  and  workmanship  were  employed,  have  shown  no  signs  of  deterio- 
ration. 
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Mr.  Humphrey  submits  seven  conclusions,  which  may  be  summarised  as  follows  : — 

1.  Concrete,  because  of  its  durability,  fire  resistive  properties,  compressive 
strength,  plasticity  in  the  green  state,  and  the  wide  distribution  of  available  aggregates, 
has  proved  to  be  "  one  of  the  most  economical  of  building  materials." 

2.  Plain  concrete  in  mass  is  always  suitable  where  the  stresses  are  principally 
compressive. 

3.  By  suitable  reinforcement,  concrete  is  enabled  to  withstand  tensile  stresses, 
and  becomes  suitable  for  use  in  a   much  wider  field. 

4.  Concrete  suitably  mixed,  placed,  and  reinforced  is  especially  suitable  for  water- 
tight structures,  and  when  "  mixed  and  placed  so  as  to  secure  a  mass  of  maximum 
density  it  is  in  itself  watertight,  and  the  addition  of  liquids,  powders,  or  coatings  for 
increasing  its  watertightness  is  unnecessary." 

5.  Its  durability  and  low  maintenance  cost  make  it  specially  economical  in  per- 
manent structures. 

6.  While  opinions  differ  as  to  its  durability  in  fresh  and  sea  water,  concrete  mixed 
and  placed  so  that  the  resulting  mass  is  of  maximum  density  affords  ample  resistance 
to  the  action  of  both  fresh  and  sea  water,  especiallv  if  allowed  to  harden  before  ex- 
posure. 

The  consensus  of  opinion  on  this  point  seems  to  be  as  follows  : — 

(a)  "  Little  if  any  damage  is  done  to  even  the  poorest  concrete  structure  below 
water." 

(b)  "  The  principal  destructive  actions  occur  between  tides,  generally  at  the  mean- 
tide  line." 

(c)  "  Where  the  concrete  has  disintegrated  in  sea  water  this  is  undoubtedlv  caused 
by  freezing,  for  the  reason  that  in  tropical  waters  where  there  is  no  freezing  the 
structures  do  not  show  this  deterioration,  excepting  in  cases  where  sea  water  has  been 
used  in  the  mixing  and  the  concrete  has  been  placed  through  sea  water,  thereby  pro- 
ducing an  inferior  structure  unsuited  to  resist  sea  water  action." 

(d)  "  While  there  may  be  some  chemical  action  after  the  concrete  is  weakened 
through  freezing,  it  is  a  fact  that  there  is  little  or  no  chemical  action  on  a  properly 
proportioned,  mixed,  and  placed  concrete." 

(e)  "  It  seems  to  be  a  fact  that  it  is  desirable  that  the  cement  used  in  making  con- 
crete to  be  exposed  to  sea  water  shall  contain  sutificient  silicious  materials  as  will  satisfy 
whatever  excess  lime  there  may  be  in  the  hardened  cement.  This  is  accomplished  in 
many  parts  of  Europe  through  the  addition  of  trass  or  puzzolana  to  hydraulic  cement 
containing  an  excess  of  lime,  which  tends  to  increase  its  strength  and  render  it  stable 
in  sea  water." 

(/)  "  It  is  quite  apparent  that  one  of  the  prime  essentials  for  a  concrete  structure 
that  will  be  immune  against  sea  water  action  is  that  the  surface  shall  be  dense  and 
impervious.  An  attempt  has  been  made  to  secure  this  condition  by  applying  mortar 
under  an  air  pressure  of  upwards  of  30  lb.,  and  while  this  undoubtedly  increases  the 
density  as  compared  to  hand  methods,  nevertheless  it  remains  to  be  seen  whether  it 
achieves  the  object  desired." 

(g)  "  Good  practice  demands  that  the  concrete  shall  bo  mixed  a  sufficient  length 
of  time,  without  too  much  water,  so  that  there  results  a  mass  of  viscous  consistency 
which  will  flow  readily  and  vet  the  ingredients  not  separate.  If  such  a  concrete  is 
deposited  under  conditions  which  will  prevent  the  sea  water  permeating  it  before  it 
has  set,  such  concrete  affords  excellent  resistafice  to  sea  water.  Another  method  pro- 
posed has  been  to  deposit  the  concrete  in  tremie,  as  with  this  form  of  construction  only 
the  upper  surface  comes  in  contact  with  the  water,  and  there  results  a  concrete  which 
is  not  affected  by  sea  water  actiop." 

(h)  "  When  reinforced  concrete  is  used  in  sea  water  it  is  essential  that  the  aggre- 
gate shall  be  a  hard,  dense  material  of  low  absorption,  and  that  the  reinforcement  be 
protected  by  a  coating  of  at  least  one  inch  of  silicious  mortar." 

7.  When  concrete  is  subjected  to  the  action  of  alkaline  or  acid  waters  the  same 
precautions  must  be  observed  as  in  the  case  of  exposure  to  sea  water.  "  Density  and 
strength  are  the  two  prime  essentials  for  adequate  resistance  to  such  action." 

The  increasing  use  of  concrete  and  its  existing  record  of  successful  results  justify 
the  conclusion  that  it  is  peculiarly  adapted  for  use  in  connection  with  hydraulic  works. 
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REMARKS   BY    THE    GENERAL    REPORTER    (Mr.  John   Stephen  SeweU  . 

In  ;ill  the  iKi])(r>  rcvicwcil  tlic  ;uith(jrs  liave  condensed  a  great  deal  cjf  informati(jn 
into  a  very  small  space.  A  summary  which  attempted  to  present  more  than  an  indica- 
tion of  the  nature  of  their  contents  could  not  well  be  made  in  less  space  than  that  of 
all  the  papers  combined. 

It  is  quite  apparent  that  the  use  of  concrete,  both  plain  and  reinforced,  for  all 
classes  of  hydraulic  work  is  making  rapid  headway,  especially  in  the  I'nited  States, 
France,  and  Italy;  and  that  opposition  to  its  use  is  disappearing  elsewhere. 

Strictly  speaking,  the  application  of  reinforced  concrete  to  hydraulic  structures  is 
the  only  subject  imder  discussion.  All  of  the  objections  to  the  use  of  plain  concrete 
in  such  cases  are  included  within  the  greater  number  that  have  been  urged  against 
reinforced  concrete.  What  follows,  therefore,  will  apply  especially  to  the  latter  mate- 
rial, and  to  the  conditions  surrounding  its  use  in  connection  with  works  of  inland 
navigation. 

The  objections  that  have  been  raised  against  the  use  of  reinforced  concrete  for  the 
purpose  under  discussion  relate  to  the  durability  of  the  concrete  itself,  to  its  resistance 
to  abrasion,  chemical  action,  and  freezing  in  contact  with  water,  and  to  the  durability 
of  the  reinforcement  under  various  conditions. 

Durability  of  Concrete. — ^A  few  years  ago  difficulty  was  sometimes  experienced 
in  securing  a  Portland  cement  that  was  sound  and  secure  against  disintegration  due  to 
chemical  changes  within  itself  after  setting.  This  difficulty  is  now  easily  avoided, 
and  if  aggregates  are  selected  of  durable  and  inert  tnaterials  there  can  no  longer  be  any 
doubt  that  concrete  is  in  itself  a  thoroughly  durable  material,  quite  secure  against  dis- 
integration due  to  action  originating  within  the  mass   itself. 

Resistance  to  Abrasion. — Concrete,  as  a  rule,  exhibits  more  chipping  and  chafing 
under  impact  and  abrasion  than  masonry  of  the  harder  stones.  But  this  damage  is 
usually  only  superficial,  and  rarely  threatens  the  integrity  or  continued  usefulness 
of  the  structure.  In  many  cases  it  is  more  resistant  that  anv  other  form  of  masonry 
available  within  practicable  cost  limits ;  the  best  of  masonry  is  liable  to  be  disfigured 
under  impact  and  chafing,  and  there  is  very  little  of  it  in  existence  subject  to  these 
conditions  that  does  not  show  the  wear  and  tear.  In  any  case,  the  trouble  can  be 
avoided  at  moderate  expense  by  means  of  strips  of  steel  or  timbers  applied  in  the  proper 
manner.  The  objection  to  concrete  is  therefore  not  a  valid  one,  for  it  can  be  removed 
by  simple  and  practicable  methods. 

Resistance  to  Cttemical  Action. —  Under  this  head  may  be  included  atmospheric 
agencies,  the  action  of  sea  water,  of  sewage,  and  of  acidulated  water.  So  far  as  atmo- 
spheric agencies  are  concerned,  there  is  too  much  concrete  which  has  successfully  with- 
stood them  to  leave  any  room  for  discussion.  It  is  merely  a  question  of  good  materials 
and  workmanship,  including  proper  mixtures  to  secure  a  dense  and  impervious  mass. 

A  great  many  concrete  structures  exposed  to  sea  water  have  suffered  from  exten- 
sive and  rapid  disintegration.  It  was  at  first  supposed  that  this  was  due  to  the  action 
of  the  sea  water  on  some  constituent  of  the  cement,  probably  the  free  lime.  Some 
experiments  and  investigations  have  seemed  to  indicate  that  the  addition  of  trass  or 
puzzolana  to  the  cement  would  prevent  this  action  by  satisfying  the  free  lime.  But  it 
also  appears  probable  that,  as  Mr.  Humphrey  states,  a  dense,  strong,  and  impervious 
mixture,  allowed  to  harden  before  exposure  in  place,  is  in  itself  sufficiently  resistant, 
whether  the  preliminary  disintegration  has  been  due  to  freezing  when  saturated  with 
water  or  whether  it  is  due  entirely  to  chemical  action.  The  requisite  density  and 
strength  can  best  be  obtained  with  a  well-balanced  and  rather  wet   mixture. 

There  is  no  doubt  that  wet  mixtures  wii'l  give  denser  concretes  than  dry  ones,  no 
matter  how  thoroughly  the  latter  may  be  rammed.  The  use  of  dry  mixtures  had  its 
origin,  no  doubt,  in  laboratory  experiments — such  as  those  of  the  late  General  Gilmore, 
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oi  the  United  States  Corps  of  Engineers — which  indicated  that  dry  mixtures,  when  well 
rammed,  produced  cubes  of  greater  strength  than  wet  mixtures  having  the  same  pro- 
portion of  cement  and  the  same  aggregates. 

The  use  of  wet  mixtures  originated  in  this  country,  at  least,  from  the  fact  that 
they  require  little  ramming,  make  a  smoother  finish  against  forms,  and  generally  cost 
less  in  place  than  dry  mixtures  well  rammed.  The  practice  of  using  wet  mixtures 
was  initiated  by  contractors,  who  were  actuated  by  motives  of  economv,  and  made  its 
way  slowly  against  the  opposition  of  engineers.  It  is  fortunate  in  this  case  that  the 
cheapest  method  is  also  the  best;  but  it  is  only  within  a  few  vears  at  the  most  that 
engineers  have  been  fully  convinced.  Mr.  Humphrev's  warning  against  an  amount 
of  water  sufficient  to  separate  the  ingredients  should  not,  however,  be   overlooked. 

It  seems  certain  that  there  are  many  cases  of  concrete  structures  which  are  ex- 
posed to  sea  water  in  both  warm  and  cold  climates,  and  which  are  behaving  satisfac- 
factorily.  One  successful  example  is  of  more  value  as  evidence  than  a  hundred 
failures;  for  it  proves  that  success  can  be  attained.  If  the  necessary  precautions  are 
not  yet  thoroughly  understood,  it  is  only  a  question  of  further  trial  and  studv  when 
they  will  be.  The  conclusion  seems  justified  that  exposure  to  sea  water  is  not  neces- 
sarily fatal  to  the  use  of  concrete.  As  inland  navigation  may  begin  before  the  salt 
water  ends  this  point  is  germane  to  the  subject  under  discussion. 

Navigation  canals  may  carry  domestic  sewage,  factory  waste,  and  acidulated 
water  from  mines,  since  all  of  these  ingredients  are  to  be  found  in  the  waters  of 
streams  from  which  canals  are  fed.  So  far  as  navigation  works  are  concerned,  the 
deleterious  ingredients  will  generally  be  so  diluted  that  their  action  will  be  very  slow, 
and  probably  the  same  precautions  that  suffice  in  the  case  of  sea  water  will  serve  the 
purpose  here  also.  Should  cases  arise  where  the  deleterious  ingredients  exist  in 
greater  proportion  it  is  probable  that  any  kind  of  masonrv  would  suffer  more  or  less  by 
action  upon  the  cement  in  the  joints  if  in  no  other  way.  Limestone  is  probablv  more 
commonly  used  than  any  other  natural  stone  for  hydraulic  works,  and  it  would  suffer 
in  much  the  same  way  as  cement.  Many  cases  will  arise,  also,  where  there  is  no  suit- 
able stone  within  easy  reach,  and  if  concrete  is  not  used  the  work  ma}'  be  impracticable. 
M.  Jacquinot  describes  a  reinforced  concrete  conduit  for  carrying  sewage;  many  large 
sewers  of  reinforced  concrete  have  been  constructed  in  the  United  States.  The  inverts 
are  sometimes  protected  bv  other  masonry — often  of  vitrified  bricks  or  blocks — and 
sometimes  bv  pitch  or  other  coating.  Many  reinforced  concrete  chimneys  have  also 
been  built  without  a  lining,  and  they  seem  to  resist  the  chemical  action  of  the  flue 
gases,  and,  in  some  cases,  of  the  gases  from  smelters,  very  well.  Melted  paraffin  could 
be  applied  to  the  finished  surface  and  driven  in  by  heat ;  while  it  is  not  known  that  this 
method  has  been  tried,  it  is  known  to  be  inexpensive,  and  should  greatly  increase  the 
resistance  to  acids.  Finally,  there  are  many  methods  of  waterproofing  masonry,  any 
one  of  which  ought  to  protect  the  concrete  from  contact  with  acidulated  water  or 
sewage,  and  therefore  from  damage.  It  appears,  therefore,  that  even  the  existence  of 
these  agencies  need  not  be  a  fatal  objection  to  the  use  of  concrete,  for  their  activities 
can  be  prevented  at  practicable  cost;  only  in  extreme  cases  would  such  protection  be 
required  in  navigation  works,  and  even  then  the  protected  concrete  may  easily  be  the 
least  expensive  material  available. 

Freezing  In  Contact  with  Water. —  Resistance  to  damage  from  this  cause  seems 
to  be  merely  a  question  of  density  and  strength.  The  same  thing  is  true  of  stone  and 
bricks.  That  concrete  can  be  made  sufficiently  impervious  and  strong  is  demon- 
strated by  many  examples,  such  as  the  reservoir  works  cited  by  M.  Jacquinot,  and 
numerous  structures  in  the  northern  part  of  the  United  States. 

Here,  again,  a  well-balanced  wet  mixture,  protected  from  washing  out  of  the 
cement  during  the  hardening  process,  is  all  that  is  required. 


CONCRETE  IN  HYDRAULIC   WORKS.  [CQNCBEJE 


The  damaf^e  from  waters  charged  with  alkaline  salts  seems  lo  be  of  a  mechanical 
nature,  similar. to  that  |)roduced  by  freezing.  While,  as  Mr.  Humphrey  states,  the 
problem  here  presented  is  not  completely  understood  or  solved,  it  seems  probable 
that  it  is  again  merely  a  question  of  sufficient  strength  and  density.  While  the 
problem  is  in  jjrocess  of  solution,  however, .protective  coatings  are  still  within  reach  at 
moderate  co.^i,  and  there  is  no  valid  objection  to  the  use  of  concrete  with  proper 
precautions. 

Duratiility  of  Reinforcement. —  It  is  no  longer  open  to  serious  doubt  that  steel 
or  iron  thuroughly  emljcdded  in  Portland  cement  concrete  will  last  indefinitely  as  long 
as  the  coxcring  remains  intact.  If  it  is  exposed  directlv  to  the  air,  whether  near  the 
sea  or  not,  it  will  inevitably  corrode  and  ultimately  destroy  the  structure.  Careful 
design  and  good  workman-^hip  arc  all  that  are  required  to  properly  embed  it  in  the 
first  j)lacf.  The  onlv  danger  that  threatens  it  thereafter  is  the  danger  of  cracks, 
which  will  destroy  the  integrity  of  the  concrete  and  open  up  a  way  for  atmospheric 
moisture  or  water  to  gain  direct  access  to  the  reinforcement.  Such  cracks  might  be 
due  to  shrinkage  in  setting,  to  expansion  and  contraction  under  changes  of  tennpera- 
ture,  or  to  deformation  under  stress. 

If  the  concrete  is  mixed  wet  and  kept  wet  while  setting  there  is  small  danger  of 
shrinkage  cracks.  In  fact,  cracks  of  this  kind  are  rarely  seen  in  practice.  Light  rein- 
forcement is  sometimes  used  with  a  view  to  preventing  them,  but  it  is  not  easy  to 
see  how  it  would  be  effective,  for  the  shrinkage  of  the  concrete  would  set  up  compres- 
sive stresses  in  the  reinforcement,  and  it  is  not  usually  heavy  enough  to  resist  them 
efTectivel}'.  However,  the  danger  is  more  imaginary  than  real,  and  an  abundant 
supply  of  water  and  protection  from  evaporation  during  setting  will  ensure  a  successful 
result.  If  the  concrete  is  reinforced  for  serious  structural  duty  the  reinforcement  will 
generally  be  heavy  enough  to  prevent  shrinkage  cracks,  even  if  they  tend  to  form  in 
exceptional  cases. 

Cracks  due  to  expansion  and  contraction  after  setting  are  brought  about  [probably 
by  a  slight  slipjjing  of  the  mass  on  its  bed  during  expansion,  and  by  the  excess  of 
ftictional  resistance  over  the  tensile  strength  of  the  concrete  during  the  subsequent 
contraction.  This  trouble  can  be  overcome  by  proper  reinforcement,  but  it  would 
be  well  to  divide  a  long  wall  or  other  structure  into  sections,  so  that  each  could  act  as 
a  unit.  The  joints  can  be  cared  for  in  some  such  way  as  described  in  the  paper  of 
M.  Jacquinot  and  in  that  of  the  Hungarian  .State  Water  Survey. 

Cracks  due  to  deformation  under  stress  will  occur  only  when  the  reinforcement  is 
stressed  so  that  the  strain  exceeds  the  limit  of  extensibility  of  the  concrete.  This 
can  be  avoided  by  proper  design  and  workmanship.  This  danger  makes  it  inadvisable 
to  utilise  the  high  w^orking  stresses,  otherwise  permissible  in  high  carbon  steel,  since 
the  modulus  of  elasticity  is  no  greater  than  with  low  carbon  or  medium  steel.  If 
working  stresses  are  kept  well  within  the  limits  allowable  for  mild  steel  ^there  is  no 
danger  of  cracks  in  the  concrete. 

It  appears,  therefo-e,  that  it  is  entirely  possible  to  maintain  the  integrity  of  the 
concrete  coating,  and  therefore  to  prevent  corrosion  of  the  reinforcement,  and  there  is 
no  valid  objection  on  this  score. 

Some  laboratory  experiments  have  caused  some  engineers  to  fear  that  reinforced 
concrete  subjected  to  hydraulic  pressure  will  have  the  bond  between  the  concrete  and 
the  reinforcement  destroved,  so  that  the  two  materials  would  cease  to  act  in  unison. 
But  the  old  water  tank  cited  by  M.  Jacquinot  is  in  itself  sufficient  to  settle  this  question 
favourablv,  even  if  there  were  not  available  the  evidence  of  the  numerous  conduits 
sustaining  high  pressures  cited  by  the  same  author,  and  the  evidence  of  similar 
structures  in  this  country. 

Mr.   Humphrev  refers  to  the  corrosion  of  reinforcement  exposed  near  the  sea.     It 
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is  also  a  fact  that  if  the  concrete  is  mixed  with  sea  water,  or  with  sand  from  the  sea 
beaches,  or  if  it  has  salt  mixed  with  it,  and  it  is  subsequently  exposed  to  dampness, 
the  reinforcements  will  corrode.  This  was  shown  by  examples  on  a  rather  extended 
scale  in  some  fortification  work  on  an  island  in  Long  Island  Sound  some  vears  ago. 
The  General  Reporter,  then  in  the  service  of  the  United  States,  inspected  this  damaged 
work,  and  afterwards  had  two  experimental  slabs  of  reinforced  concrete  made  with  a 
view  of  finally  testing  the  matter.  They  were  of  identical  composition  except  that 
one  was  mixed  with  sea  water  and  one  with  fresh  water.  They  were  exposed  to  the 
weather  on  a  roof  in  Washington,  D.C.,  for  some  months.  At  the  end  of  that  time 
the  reinforcement  in  the  sea  water  slab  was  badly  corroded,  while  that  in  the  oth?r 
was  entirely  untouched.  It  is  of  importance,  therefore,  that  the  ingredients  used  in 
mixing  concrete  for  hvdraulic  works  should  contain  no  corrosive  material  in  them- 
selves if  the  concrete  is  to  be  reinforced. 

The  conclusion  seems  justified  that  all  of  the  objections  that  have  been  urged 
against  the  use  of  reinforced  concrete  as  a  material  suitable  for  use  in  connection 
with  hydraulic  works  are  either  imaginary  or  can  be  overcome  by  practicable  methods, 
and  must  have  arisen  at  a  time  when  the  subject  was  not  so  well  understood  as  at 
present.  That  this  conclusion  is  justified  is  abundantly  proved  by  the  increasing  and 
successful  use  of  the  material  in  permanent  structures  everywhere,  as  indicated 
by  the  papers  herein  reviewed. 

The  great  advantage  of  reinforced  concrete  lies  in  the  facr  that  it  is  capable  of 
withstanding  stresses  due  to  transverse  strains,  tension,  and  shearing.  All  the  forms 
that  could  be  executed  in  steel  or  timber  can  be  closelv  imitated  in  reinforced  con- 
crete, which  is  immune  from  corrosion  and  decay.  This  makes  it  possible  to  adopt 
designs  wherein  the  structure  acts  by  its  structural  resistance  and  not  by  dead  weight, 
and  even  the  material  to  be  retained  and  held  back  mav  be  made  by  this  means  to  add 
to  the  stability  of  the  work  as  a  whole.  Dead  weights  on  foundations  are  diminished, 
difficult  excavation  is  often  avoided  or  lessened,  and  total  costs  often  greatly  decreased, 
as  compared  with  structures  formed  of  masonry  in  mass;  in  many  cases  reinforced 
concrete  affords  the  only  practicable  solution  of  a  difficult  problem,  and  in  nearly  all 
cases  it  affords  a  variety  of  desirable  solutions  not  practicable  in  any  other  material. 

The  saving  in  thickness  of  inverts  of  locks  and  dams,  or  retaining  walls  of  all 
kinds,  the  use  of  caissons  filled  with  dead  materials  in  lieu  of  solid  masonry  walls, 
the  use  of  reinforced  concrete  piles  to  anchor  a  light  structure  to  the  dead  mass  below, 
and  the  many  other  useful  devices  and  applications,  either  described  or  suggested  in 
the  papers  on  this  subject,  all  open  up  the  possibility  of  practically  limitless  applica- 
tions of  reinforced  concrete  to  hydraulic  structures  so  as  to  attain  both  greater 
efficiency  and  a  diminished  cost. 

A  study  of  the  successful  applications  of  reinforced  concrete  submitted  to  the 
(-ongress  by  the  various  reporters  appears  to  justify  the  adoption  of  the  following 
conclusions  :  — 

,  Reinforced  concrete  coiubiiics  the  i.trnctural  qiicilities  of  :tccJ  and  timber  ivilli 
the  durability  of  good  masonry.  It  is  subject  to  no  form  of  deterioratio>i  luhicli 
cannot  be  avoided  by  reasonable  precautions.  It  is  free  from  many  of  the  limita- 
tions surrounding  the  use  of  masonry  in  mass;  because  of  the  greater  latitude  it 
affords  i)i  the  design  and  execution  of  struL^ures ;  it  oftoi  yields  the  best  and  most 
economical  solutio)i,  and  in  some  cases  the  only  practicable  solution,  of  the  most 
difficult  probhnns. 

When  properly  designed  ami  executed  it  is,  therefore,  amo}ig  the  most  valuable, 
if  not  the  most  valuable,  material  Jioif  available  for  use  in  connection  zvith 
hydraulic  works  of  all  kinds. 
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CONCRETE  TESTS 
DURING  the  ERECTION  of    t 
the  NEW  WAR  OFFICE 
in   VIENNA. 
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Bv  ENGINEER-LIEUTENANT 
J.     KROMUS 

The  account  of  t^>e  mefl-oJ  of  fesfina  adopted  durinc!  the  erection  of  the  neiv  War  Office 
in  Vienna,  ivhich  iv-'  Dublish  belotv,  is  a  summarised  translation  of  a  'very  useful  article 
ivhich  appeared  in  "  Beton  und  Eisen,"  and  ivhich  has  been  issued  in  pamphlet  form  bv 
Messrs.  Wilhelm  Ernst  und  Soh",  of  Berlin. — ED. 


The  new  War  Ollice  building's  in  Vienna  are  of  unusually  large  size,  and  the 
attempt  has  been  made  to  take  the  fullest  advantage  of  modern  methods  in  their 
construction.  The  site  on  the  Stubenring  is  about  14,000  m.-  in  area  (152,000 
sq,  ft.)i  whilst  the  area  actually  covered  by  the  buildings  is  9,700  m.-  (104,000 
s(|.  ft.).  There  are  eight  stories,  including-  the  tjasement,  with  an  additional 
storv  in  the  middle  section.  The  site  being  covered  with  a  deep  layer  of  filled-in 
material,  it  was  necessary  to  make  a  deep  excavation  and  to  construct  a  mass 
concrete  foundation,  in  whicli  27,000  m.-^  (35,000  cub.  vds.)  of  concrete  were 
used. 

The  Reinforced  Concrete  Work.  —  Reinforced  concrete  was  used  for  the 
floors,  the  area  of  which  amounted  to  56,000  m.-\  of  which  40,000  m.- 
(430,000  sq.  ft.)  were  plate  beam  lloors  with  flat  under-surface,  (mi  the  Porr 
system,  the  remainder  being  ordinar\  panelled  floors.  They  were  required  to 
carry  a  working  load  varying  in  different  parts  from  300  to  i,cco  k'g.  m.- 
(61  to  203  lb.  per  sq.  ft.),  the  clear  spans  being  as  high  as  9*25  m.  (30  ft.  4  in.) 
and  a  certain  definite  clear  height  being  required  in  all  rjoms.  A  furtlier 
requirement;  was  that  the  floors  should  be  capable  of  carrying  at  each  window 
column  a  brick  partition,  15  cm.  thick,  without  diminution  of  the  clear  height. 
Various  beams,  cantile\ers,  balconies,  etc.,  were  also  constructed  in  reinforced 


Fig.  1.     General  view  of  Iniildins. 
'08  Concrete  Tests  during  the  Erection  of  the  New  War  Office,  Vienna. 
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concrete.      The  roofs,   however,  were  of  wood.      The  reinforced  work  required 
8,500  m.3  of  concrete  and  900  tons  of  steel.      The  reinforced  concrete  work  was 


begun  in  July,    1910,  and  finished  in  September,    191 1,   after  an   interruption  of 
three  months  during  the  winter.  -09 


J.  K ROM  us. 


^^^ffi 


Fig.   I  shows  a  y:eneral  \  ieu'  of  the  bulldin^^  whilst  Figs.  2,  3  and  4  show 
different  stages  in  the  erection.      Fig.  2  shows  clearly  the  mode  of  construction 


of  the  floors. 


Testing  the  Work  during  construction.  — At   the   beginning  of  the  work 
only    the    usual   compression   tests   of   concrete   cubes   were   made,    but   on    the 
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publication  in   igio  of  Dr.    F.   von  Emperger's  method  of  Control  beams  (see 
CoNXRETE  AND  CoxsTKucTioxAL  ExGixEERixG,   1911,  p.   764)  it  was  decided  to 

adopt  this  system  of  testing,  and  the  contractors  expressed  their  willino-ness  to 


prepare  the  necessary  beams.      Twelve  pairs  of  beams  were  at  first  constructed, 
one  beam  of  each  pair  ha\-ing-  2  per  cent,   and  the  other    4  per  cent,    reinforce- 

; '  I 
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ir.ent,  whilst  as  a  rule  one  pair  was  tested  after  fourteen  days,  and  a  second, 
exactly  similar  |)air,  after  the  winter  period  was  over.  In  the  course  of  the 
experiments  '.he  beams  with  onK  2  pt-r  <-i'nt.  ri'inforcemcnl  were  found  t(j  be 
unnecessary,  and  subsccjucntly  onl}  beams  uilh  4  per  cent.  reinf;jrcemenl  were 
used.      The  total  number  of  beams  lestod  w  as  seventy. 

Performance  of  the  Tests. — The  beams  were  constructed  on  the  spot,  the 
moidds  bein<4  luld  toilet lier  by  iron  clamps,  in  order  Ui  ensure  the  accuracy 
of  the  dimensions.  After  three  or  ftjur  davs  the  moulds  were  removed  and 
the  beams  exposed  to  the  same  weather  influences  as  the  concrete  in  the 
building-.  Some  damage  was  done  to  a  few  of  the  beams,  owing-  to  careless- 
ness. The  tests  were  performed  exactly  in  the  manner  prescribed  b\  Dr.  von 
Emperger,  the  operations  being  all  readily  performed  bv  ordinarv  workmen. 


,4A  .  ^T^X 


¥\g.  5.     Testings  a  Control  Beam. 
Concrete  Tests  during  the  Erection  of  the  New  Wau  Ofi  ice,  Vienna. 


Results  of  the  Tests. The    most    important    factor    in    determining    the 

results  of  the  tests  was  the  occurrence  of  frosts  during  construction  and  testing. 
For  example,  whilst  during  warmer  weather  the  centering  could  be  remo\ed 
after  ten  days,  as  soon  as  night  frosts  had  set  in  it  was  found  that  a  beam 
onh-  gave  after  ten  days  a  strength  of  98  kg. /cm.-  (1,390  lb.  per  sq.  in.). 
Beams  prepared  on  a  frosty  day,  but  immediately  covered  with  mats,  showed  a 
strength  after  fourteen  days,  and  also  after  three  months,  of  only  one-half  of 
the  normal  value.  The  broken  surfaces  showed  the  unmistakable  markings  of 
frost  crystals. 

In  the  second  group  of  tests,  after  the  severe  frost  was  over,  beams  were 
prepared  in  such  a  way  that  at  each  time  three  tests  with  two  pairs  of  beams 
and  one  test  with  four  pairs  were  started,  compression  cubes  being  prepared  for 
every   fourth   test.      The  beams  were   alwa\s   tested  after  f:)urteen   and   twentv- 
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eiyht  days,  and  each  fourth  series  also  after  six  weeks.  The  curves  expressing 
the  results  show  very  clearly  that  the  conditions  of  temperature  prevailing 
during-  the  first  few  days  after  mixing  the  concrete  are  of  the  utmost  importance, 
and  that  the  bad  influence  of  frost  during  this  period  is  not  to  be  remedied 
subsequently.  The  \iew  formerly  sometimes  held,  that  frost  merelv  retards  the 
process  of  setting,  is  therefore  untenable.  The  formation  of  ice-crvstals  brings 
about  an  actual  structural  alteration  in  the  concrete. 

\\"\lh  normal  beams  the  strength  attained  is  310  kg. /cm.-  after  twenty-eight 
days,  rising  to  330  kg. /cm.-  after  six  weeks,  and  360  kg. /cm.-  after  six  months 
(4,400,  4,700,  and  5,120  lb.  per  sq.  in.),  whilst  beams  prepared  at  a  low 
temperature  did  not  reach  more  than  jog  kg. /cm.-,  and  in  one  case  only  reached 
105  kg. /cm.-  (2,350  lb.  per  sq.  in.)  after  six  months.  It  must,  of  course,  be 
considered  that  the  small  beams  are  more  sensitive  to  such  changes  than  larger 
n;asses,  but  this  is  not  a  disadvantage  of  the  method  of  testing,  which  clearlv 
indicates  sources  of  danger.  By  drilling  portions  of  the  completed  floors  it 
was  proved  that  the  eftect  of  frost  was  actually  visible  in  the  interior  of  those 
constructed  at  a  lov.-  temperature.  Protection  with  mats  was  found  to  be 
adequate.  The  cement  and  concrete  proved  to  be  Aery  uniform  in  qualit\-.  The 
principal  difficulty  in  the  preparation  of  the  beams  was  found  to  be  the  placing 
of  the  reinforcement,  very  small  errors  in  this  respect  causing  great  loss  of 
strength.  Four  exactly  similar  beams  prepared  and  tested  simultaneouslv  gave 
bieaking  strengths  differing  only  by  ±  5  per  cent.  The  corresponding  tests 
with  cubes  differed  by  as  much  as   +   27  per  cent. 

If  the  normal  strength  found  after  fourteen  days  (250  kg. /cm.-,  or  3,660  lb. 
per  sq.  in.)  be  called  100,  the  following  short  table  expresses  the  principal 
results  obtained  : 


Temperature  during  setting 

14  days 

28  days 

6 

weeks 

6 

months 

iMa.x 

124 

144 

152 

160 

Normal  (o\er+5"c.)  -  Mean 

100 

120 

132 

HO 

'Miu.      ... 

SO 

100 

116 

124 

From  (f  to  +  5°c. 

64 

82 

1 

Q  > 



0'  and  below      •-.          ...          

44 

52 

56 

66 

Mode  of  Rupture.  —  The  beams  usually  broke  by  compression,  and  the 
cracks  along  the  reinforcement,  which  often  resulted  in  the  splitting  oft  of 
fragments  of  the  concrete  (see  Fig.  5),  were  of  secondary  origin.  Beams  with 
4  per  cent,  reinforcement  did  not  show  tension  cracks  until  the  tension  in  the 
steel  reached  3,000  kg. /cm.-  (427,000  lb.  per  sq.  in.).  This  indicates  that  4  per 
cent,  is  quite  suflficient  for  most  purposes. 

The  authorities  express  their  entire  satisfaction  with  Dr.  von  Emperger's 
system  of  testing,  which  affords  complete  and  continuous  control  over  the  mate- 
rial, in  a  form  which  is  readily  understood  and  appreciated  by  contractors  and 
w  orknien,  and  materially  assists  in  maintaining  uniform  qualit\-. 
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CONCRETE   SUBWAY 
WORK. 


From  the  article  beloiv,  descriptive  of  the  construction  of  the  Fourth  Avenue  Sutivay, 
Netu  York,  it  ■will  be  seen  luhat  very  excellent  results  can  be  obtained  by  efficient  methods 
of  'working,  and  particulars  of  these  methods  should  be  studied  by  all  contractors  and  others 
engaged  in  'work  of  A  similar  character.  —ED. 


An  excellent  example  of  what  remarkable  results  can  be  obtained  by  adopiintc 
the  proper  methods  of  excavation  and  construction  for  a  g"iven  section  of 
subway  work  is  afforded  by  the  work  of  the  Tide-\\'ater  Building-  Co.  and  Mr. 
T.  B.  Brvson,  of  New  York,  in  the  execution  of  their  contract  for  section  11-A-3 
of  the  Fourth  A\enue  Subway,  in  Brooklyn.  This  is  about  4,800  ft.  long-  rmd 
extends  along^  the  hillside  between  Prospect  Park  and  the  Gow.anus  Canal. 
The  standard  section  of  reinforced  concrete  is  60  ft.  wide  by  19  ft.  hig-h,  with 
a  centre  and  two  quarter  walls  separating-  each  of  the  two  local  and  two  express 
tracks,  which  will  be  from  20  ft.  to  30  ft.  below  the  street  pavement.  The 
design  of  the  two  stations  in  this  division  is  ol  structural  steel,  in  connection 
with   the   reinforced   concrete.      The   wall   footing-s   and   all   the   track   floors   are 
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Irittrior  of  one  of  the  Tubes. 
CcNCRETE  Construction  of  the  Fclrth  A\enle  Slbwav,  New  YofcK. 
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of  concrete,  as  are  also  the  benches  located  on  either  side  of  the  subway  each 
of  which  contanis  ten  four-way  ducts.  Hollow  tile  is  used  on  the  outside  of  the 
outer  walls  for  waterproofing-  purposes. 


Afte 


,.  '''   relocating   sewers,    water  pipes,   gas   pipes,    cables,    etc.,   outside  of 

he  subway  cut,   the  main  excavation  work  was  begun,  85  per  cent,   of  ^^■hich 
\\as  done  by  a  70-ton  steam  shovel. 
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As  it  was  necessary  to  maintain  one-half  of  the  thoroug^hfare  for  traffic  at 
all  times  and  also  provide  access  to  all  property  a  temporary  wooden  roadway 
12^  ft.  wide  was  l)uill  on  either  side,  with  its  supports  outside  the  lines  of  the 


subway.  Thus,  as  the  material  through  which  the  excavation  was  made  was 
firm,  no  cross-bracing-  was  required  and  the  cut  was  free  from  obstructions. 
Four  cuts  were  made,  and  at  such  a  speed  that  the  amount  the  Public  Service 
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Commission's  engineers  anticipated  would  be  excavated  in  six  months,  from 
previous  subway  performance,  was  completed  in  two.  The  total  amount  of 
excavations  will  be  in  the  neighbourhood  of  300,000  yards  place  measurements. 

The  main  concrete  work  consists  of  building  the  centre  wall,  quarter 
walls,  outside  walls  (above  the  bench  walls)  and  the  roof.  This  is  all  done 
in  one  operation  by  the  use  of  large  travelling  steel  forms  patented  and  built 
by  the   Blaw  Collapsible  Steel  Centering  Co.,   of  Pittsburg. 

After  a  section  of  concrete  has  set,  the  spacing  bolts  of  the  forms  are  taken 

out,  the  fornis  slacked  (see 

^V.»>i»».ii»<— ■■" '  *~  V    J^^^  _ 


accompanying  illustration), 
and  crossed  truss  -  rods 
with  turnbuckles  put  in  and 
tightened  up  diagonally 
across  the  tubes  to  hold  the 
forms  from  rocking  while 
being  moved.  A  locomotive 
then  draws  them  ahead, 
one  tube  at  a  time.  The 
wall  reinforcing  steel  and 
cross  passage  forms  are  all 
set  in  advance,  so  that 
when  the  steel  forms  are 
moved  ahead  the  remaining 
reinforcement  consists  of 
roof  rods  or  beams  only. 
With  this  system  the  time 
lost  in  moving  and  setting 
forms  is  reduced  to  a 
minimum. 

Of  especial  interest  are 
the  mixing  plant  and  the 
steel  forms,  the  arrange- 
ment of  the  former  is  well 
worth  the  careful  study  of 
concrete  contractors.  The 
plant  has  been  so  designed  that  with  a  Ransome  i-yard  mixer  and  the 
conveying  machinery  it  is  capable  of  meeting  the  exacting  requirements  offered 
on  days  when  a  continuous  hard  ..16-hour  run  is  necessary.  Its  flexibility  is 
well  illustrated  by  the  fact  that,  though  60  yards  per  hour  is  the  average 
rate,  305  yards  of  concrete  were  placed  in  ^\  hours,  and  this  time  includes  all 
delays,  such  as  shifting  of  chutes,  transportation,  hoisting  and  dumping  of 
buckets,   etc. 

With  the  exception  of  emptying  the  cement  bags  into  the  measuring 
hopper,  the  concrete  and  its  ingredients  are  hauled  mechanically  from  the  time 
the  materials  are  received  at  the  dock  until  the  mixed  concrete  is  placed  in  the 
forms.  The  gravel  and  sand  received  at  the  company's  wharf  at  the  foot  of 
Nineteenth  Street  and  Gow\anus  Canal  are  unloaded  into  bins  by  a  locomotive 


Collapsing  a  steel  form  to  draw  out  of  finished  work. 
Concrete  Construction  of  the  Fourth  Avenue  Subway,  New  York. 
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crane  and  clam  shell  bucket,  from  whence  ihey  discharge  into  dump  cars  and 
<cre  hauled  bv  i8-ton  locomoli\'es  to  the  mixhii^'  plant  in  the  cut  at  Nineteenth 
Street  and  [''ouitli  .\\tiuie.  Comiiii;'  into  llie  section  at  street  grade  the  gravel 
and  sand  arc  dumped  into  liins  of  al)out  J, coo-  and  i, coo-yards  capacity  on 
either  side  of  tlie  mixini^  jjlaiit  Iniildini^.  Below  these  bins  are  two  separate 
horizontal  belt  conveyers  discharging  into  a  belt  and  bucket  elevator,  which 
carries  the  materials  to  the  top  of  the  building,  where  it  is  dumped  into  com- 
partments from  \\Iiich  lead  chutes  with  grates  to  the  measuring  iKjpjier.  All 
of  the  conveying  machinery  is  driven  by  one  induction  motor.  The  top  of  this 
measuring  hopper  is  level  with  the  floor,  the  elevation  of  which  is  the  same  as 


Two  Sections  of  Forms  in  position. 
CoNXRETE  Construction  ok  the  Fourth  Avenue  Subway,  New  York. 


the  tracks  on  which  the  gravel,  sand  and  cement  cars  come  in"  from  the 
dock.  The  cement  as  received  from  the  cars  is  piled  around  this  room  and 
the  sacks  arc  emptied  into  the  hopper  as  required. 

The  contents  of  the  hopper,  generally  proportioned  i  :  2h  :  4i,  are  emptied 
into  the  i-yard  Ransome  mixer  located  on  the  lower  floor.  The  tilting  chute 
and  swinging  gate  of  the  hopper  are  operated  by  one  man,  who,  at  the  same 
time,  watches  the  filling  of  the  buckets  below  as  they  come  in  on  the  cars 
running  on  parallel  tracks  on  either  side  of  the  mixer. 

The  concrete,  now  thoroughly  mixed,  is  hauled  by  locomotives  to  the 
section  being  constructed.  Here  automatic-bottom  dumping  buckets  are  raised  by 
a  locomotive  crane  and  discharged  into  an  elevated  hopper  located  on  and  about 
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lo  ft.  above  the  top  of  the  forms.  The  mixture  tlien  runs  down  an  inclined 
chute  by  gravity  to  the  point  desired.  As  the  chute  is  pivoted  to  the  hopper 
and  has  a  wheel  at  its  extended  end  it  may  be  shifted  to  all  parts  readily. 

The  collapsible  travelling-  steel  forms  are  made  in  5-ft.  sections  of  the 
j-hape  of  each  tube  and  weigh  about  8,000  lb.  per  5-ft.  section  of  sing-le  tube. 
At  the  present  these  are  bolted  tog-ether  to  form  the  standard  40-ft.  sections. 
As  the  interior  panels  of  all  four  tubes  may  be  locked  tog-ether  by  bolts  no 
bracing  was  required  except  for  the  outer  walls,  and  therefore  the  two  express 
tubes  are  always  clear. 

The  forms  are  mounted  on  wheels  which  run  on  rails  riveted  to  a  heavy 
ang-Ie  which  extends  along-  and  fits  over  the  edge  of  the  wall  and  bench 
footings.  The  design  of  a  40-ft.  section  of  tube  forms  is  such  that  the  roof 
panels  may  be  slacked  off  by  the  operation  of  four  chain  hoisls.  As  this 
section  takes  j^lace  the  side  panels  are  also  pulled  in,  leaving  a  clearance  so 
that  the  tubes  may  be  readily  moved  ahead. 

In  all  cases  the  concrete  has  been  inspected  by  the  Public  Service  Com- 
mission's engineers.  It  is  anticipated  that  the  ultimate  amount  of  concrete 
placed  will  be  60,000  yards,  with  2,500  tons  of  reinforcing  steel. 

The  Fourth  Avenue  Rapid  Transit  Subway  is  being  built  for  the  City  of 
New  York,  under  the  Public  Service  Commission,  by  Mr.  Thomas  B.  Bryson, 
of  New  York,  and  the  Tide-Water  Building  Companv.  whose  chief  engineer 
for  this  work  is  Mr.   Stephen  Pearson  Brown. 
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T.BEAM   DESIGN. 


By  JOHN  A.  DAVENPORT,  M.Sc.  A.M.Inst.C.E. 

(Author  of  "  Graphical  Reinforced  Concrete  Design.  ") 

In  our  last  issue  ■we  published  an  article  on  the  design  of  T-beamsin  reinforced  concrete, 
but  as  the  subject  is  one  of  special  interest  ive  give  beloiv  another  dealing  iviih  the  same 
matter. -ED. 


In  desigaing  reinforced  concrete  T-beanis  the  following  data  is  usually  known  : — 

(1)  The  total  load  (useful  and  dead  load)  per  sq.  ft.  of  floor  slab  ; 

(2)  The  distance  apart  of  the  T-beams  ; 

(3)  The  span  of  the  T-beams  ; 

(4)  The  thickness  of  the  floor  slab  which  forms  the  top  flange  of  the  beams, 
and  the  design  must  be  completed  in  accordance  with  the  RT.B.A.  recom- 
mendations. 

The  load  per  ft.  run  of  the  beam  will  be  given  by  the  product  (l)x(2), 
which  we  may  call  u-  ;  then  if  we  call  the  span  of  the  beam  /,  the  moments  of 
the  external  forces  or  bending  moments  are  as  follows  (maximum  values  being 
only  considered)  : — 

For  a  continuous  beam 


5=!£L'xl2  =  xc-f'  lb.  in. 
12 


and  for  a  non-continuous  beam 


■/- 


V-  lb.  in. 


(1) 


(2) 


S  =  '— X  12  =  r: 
8 
w  being  in  lbs.  per  ft.,  and  I  in  ft. 

Now  the  design  must  be  such  that  the  moment  of  the  internal  forces,  or 
moment  of  resistance,  at  any  section  shall  not  be  less  than  the  bending  moment 
applied  there  ;  and,  in  order  that  it  may  be  economical,  the  moment  of  resistance 
must  equal  the  Vending  moment. 

The  moment  of  resistance  is  given  in  terms  of  the  dimensions  of  the  section 
in  the  following  formulae,  which  occur  in  the  2nd  Report  of  the  R. I. B. A.  Joint 
Committee  on  Reinforced  Concrete  : — 

(•sr*+J-/7irsi"—  \2nirs\-\-  \2inr) 
6{s^'  -\-2iur) 


Rc  =  cbdd: 


Rt  =  tbd 


■ils  ^  +  4wr,si"—  12/Hr.9,  +  \2mr) 


(3) 
(4) 


6m(2-.si) 

Re  being  the  moment  of  resistance  of  the  concrete,  and  Rt  the  moment  of 
resistance  of  the  steel.  It  may  be  noted  that  if  the  beam  be  correctly  and 
economically  designed,  expressions  (3)  and  (4)  will  be  identical  ;  there  are, 
however,  often  practical  reasons  for  a  slight  difference  between  the  two. 
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T-BEAM  DESIGN. 


The  distance  between  the  centres  of  compression  and   tension  is  called  the 
"lever  arm,"  and  is  given  in  the  Report  by  : 


a-d[l   --, 


f)] 


(5) 


fJfnTr^l  fi\ 


ngx 


—  i,- 


*  •  •  • 
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Now  in  designing  a  T-beam,  the  following  quantities  are  required  for  the 
plans  (see  Fig,  l)  : 

ds,  the  thickness  of  the  floor  slab  ; 
d,   the   total  effective  depth    of   beam    (by 
combining  d  with  J,  and  the  cover,  we 
can  get  the  total  depth   of  beam   below 
the  slab) ; 
hr,  the  breadth  of  the  rib  or  web  ; 
-4/,  the  area  of  the  main  reinforcement. 

Of  these  quantities  ds  is  usually  known,  as  the  slab  is  calculated  before  the 
beam;  and  there  remain  cf,  &,.,  and  A<  to  be  calculated.  Unfortunately  neither 
equations  (3)  and  (4),  nor  any  other  equations  in  the  Report,  enable  us  to 
calculate  br,  but  there  is  a  rule  which  states  that  by  should  not  be  less  than 
one-sixth  b,  b  being  the  width  of  top  flange,  which  may  be  taken  as  acting  with 
the  web.  There  are  three  additional  statements  for  determining  b  in  terms  of  dg, 
the  distance  between  the  beams  and  the  span  of  the  beams. 

In  the  usual  method  of  designing  T-beams  the  value  of  br  is  chosen  as  a 
matter  of  experience,  and  having  made  this  choice  the  quantities  d  and  At  are 
still  required. 

To  find  these  values  by  using  equations  (3)  and  (4),  or  any  others  given  in 
the  Report,  is  a  most  difficult  process  of  trial  and  error,  even  when  c  and  ;'  be 
given  particular  values;  and  it  is  now  proposed  to  deduce  approximate  equations 
which  will  enable  T-beams  to  be  designed  more  easily. 

Generally  speaking,  the  most  economical  design  of  T-beam  will  be  that  in 
which  the  steel  and  concrete  are  stressed  up  to  their  limiting  values  ;  although  in 
the  case  of  a  very  thin  and  deep  web  this  may  not  be  true,  owing  to  the  relatively 
high  cost  of  the  centering.  But  in  the  usual  design  there  is  little  chancs  of  such 
a  case  occurring.  On  this  account,  then,  the  working  stresses  are  taken  as 
^  =  16,000  lbs.  per  sq.  in.,  and  c  =  600  lbs.  per  sq.  in.,  in  the  following  investiga- 
tion. Further,  T-beams  with  the  neutral  axis  in  the  web  will  only  be  considered, 
the  case  of  T-beams  with  the  neutral  axis  in  the  slab  being  included  in  plain 

beams. 

It  is  assumed  that  b  =  5by  (the  rule  in 
the  Report  allows  the  limiting  value  b  —  bb,-, 
subject  to  certain  conditions),  and  that  the 
small  compressive  resistance  in  the  top  of 
the  web  is  negligible. 

The  former  assumption  much  simplifies 
the  expressions  and  is  sufficiently  accurate  for  practical  purposes,  as  will  be  seen. 
Referring  now  to  Fig.  2,  standard  symbols  being  used, 

n     _/^^15  X600_  9 
t 


h-Slr 


rom  which  we  get 


d  —  11 
11 


16,000        16 


—  (/,  and  (d  —  n)  =  —d 
25  25 


(6) 
(7) 
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The  compressive  stress  at  the  underside  of  the  flange  or  slab  is  given  by  : 

600         C„ 

= .whence 

n        n  —  ds 

C„-600(l  -  ^-^)  -  600(l  -  ^^)  (8) 

from  (7),     The  mean  stress  over  the  slab  is  : 

C.„„=«-50±C=  =  300(2-  If)  (9) 

from  (3).       The   total   compressive   resistance    of    the    flange    will    be    given    by 
multiplying  expression  (9)  by  ^  x  J,,  the  effective  area.     Thus: 

Total  compression  =  300 W.f  2  -  ^4^')  (10) 

The  moment  of  resistance  of  the  section,  so  far  as  the  compression  is  con- 
csrned,  is  given  by  the  product  of  (lO)  and  the  lever  arm,  which  we  must  now 
determine. 

i\gain,  an  assumption  will  be  made  which,  while  being  only  slightly 
inaccurate,  greatly  simplifies  the  equations. 

When  the  neutral  axis  is  in  the  underside  of  the  slab  the  centre  of  com- 
pression is  at  a  distance  0'333c/s  from  the  extreme  fibre  in  compression,  w^hile  at 
the  other  extreme — i.e.,  a  beam  in  which  the  slab  is  so  thin,  compared  with  the 
total  depth,  that  the  compressive  stress  is  practically  uniform  across  it — the 
centre  of  compression  is  at  a  distance  O'Sds  from  the  extreme  fibre.  The  mean  of 
these  two  distances  is  0"42'i,,  and  this  is  taken  as  the  distance  of  the  centre  of 
compression  from  the  extreme  fibre.     The  lever  arm  then  becomes  : 

a  =  d-0-^2ds  (a) 

and  taking  the  product  (lO)  X  (a),  we  get  the  moment  of  resistance 

i?,-3006cf.[2i/-3-62J,, +  ^-^y^']  (11) 

and  putting  in  the  value  b  =  5br,  it  becomes: 

Re=  1,500 b,dl 2d ~  3"62J. +^-^y^]  (b) 

The  moment  of  resistance  of  the  section,  so  far  as  the  tension  is  concerned, 
is  given  by  multiplying  the  total  tension  by  the  lever  arm,  so  that : 

Rt^  16,000  A. id -O'Ud.)  (c) 

A  simpler  form  of  expression  (b)  is  given  in  the  following,  for_  use  o:ily 
when  the  method  of  trial  and  error  cannot  be  avoided  ;  but  the  results  obtained 
by  it  should  be  checked  by  using  the  expression  (b). 

Rc=l,500brdA2d-3'333ds]  (u) 

As  already  explained.  Re  and  Rt  should  not  be  less  than  the  applied  bending 
moment  B  ;  and  for  economy,  they  should  both  be  equal  to  it,  so  that  from  this 
fact  ws  get,  corresponding  to  equations  (b),  (c)  and  (d),  the  expressions: 

B^l,500b,ds[2d  -3' 62  is  +  ^  ^^"^-'1  (bi) 

B-=l6,OO0A,[d-O'-\2d,']  (c,) 

S  =  l,500Ms[2c/-3"333c/J  (d,) 

To  design  a  T-beam  with  these  equations  proceed  as  follows  : — 
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First  find,  from  the  total  slab  load  and  the  distance  apart  of  the  beams,  the 
load  per  foot  run  ;  then  using  this  quantity,  together  with  the  span,  in  equation 
(l)  or  (j),  calculate  the  bending  moment.  Next  choose  a  suitable  value  for  br,  a 
simple  matter  to  the  experienced  designer,  and  putting  this  in  (bi),  calculate  <./. 
Use  this  value  of  d  in  equation  (ci)  and  calculate  At.  Calculate  the  depth  of 
beam  below  the  slab  by  addin  :^  the  cover  to  d,  and  subtracting  J.,  from  the  sum. 
Thus  the  important  quantities — 

Breadth  of  web, 

Depth  of  web  below  the  slab, 

Area  of  main  reinforcement, 
are   known   and  ran   be  stated   on   the  plans.       Check  the  design   by    applying 
equations  (3)  and  (4).      In  the  event  of  a  difficulty  arising  regarding  the  choice  of 
br,  determine  a  suitable  value  by  the  method  of  trial  and  error,  using  (Di). 

Note. — Before  the  design  is  complete  the  shear  force  should  be  dealt  with,  but 
as  it  is  not  intended  to  deal  with  shear  force  in  this  article  its  consideration 
is  left  out. 

EXAMPLE. 
A  floor  slab  carrying  a  useful  load  of  li  cwt.  per  sq.  ft.  is  supported  by 
beams  9  ft.  apart,  the  span  of  the  beams  being  20  ft.  The  slab  is  already 
calculated  to  have  a  total  thickness  of  ■\\  in.  ;  the  beams  are  freely  supported  at 
the  ends  and  have  2  in.  of  cover  protecting  the  reinforcement.  Design  a 
suitable  section. 

Useful  load=  140  lb.  per  square  foot. 

Dead  load  =   -^ +  beam  load  =  56  +  4  =  60  lb.  per  sq.  ft. 

12  ^ 

Total  slab  load  =  200  lb.  per  sq.  ft. 

Load  per  ft.  run  of  beam  w  =  200X9  =  1 ,800  lb. 

Span  of  beams  =  20  ft. 

S=r5ic-f  =  r5x  1,800X400=1,080,000  lb.  in. 

Take  &^  =  9  in.,  then  using  equation  (Bi)  we  get : 

1,080,000=  1,500  X  9  x4*r2J  -  3*62  x  4'5  + ■'^^^"^-^^^^],  or 

2V7 
17'8  =  2c/-16'3  4-^^ 
d 

from  which  we  get  the  quadratic  : 

c/-'-17'05(f+ir85  =  0 


J      l7'05±s^l7"05'-'-4x  ir85 
d^ 2 

*     ,     17'05±15'6      ,...-,  .r- 

d=  =  16  32,  sav  16  m. 

2 

No.v  to  find  the  lever  arm, 

a  =  16-0"42X4"5  =  14'll  in., 

and  the  area  of  the  reinforcement  is  given  by 

.  1,080,000  ...^ 

A,=  - -  =  4  /8  sq.  m. 

'      16,000x1411  ^ 
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4>/S/ch 


n^ 


—9"— 


Si 


0'281,  si'  =  0'079,  s,'-0"022 


This  area   may    be   obtained   by   taking   5    bars    li  in.  dia,   (total  area  4'97 

sq.  in.),  which  is  slightly  in  excess  of  the  cal- 

culatd  amount.      Adding   now   the  2-in.  co\-er 

to  d,  and  subtracting  the  thickness  of  the  slab, 

we  get  the  depth  of  beam  below  the  slab,  equals 

13i  in.,  and  the  section  is  shown  in  Fig.  3 — i.e., 

a  beam  13^  in.  x  9  in.,  with  5  bars  Ij  in.  dia. 

To  check  by  using  equations  (3)  and  (+),  we  have  the  following  quantities  : 

c  =  600 

^=16,000 

6  =  5X9  =  45  in. 

d,  =  ^'5  in. 

^  =  16in. 

£5 

16 

m  =  15 

4'97 
r=,     ^'     =0'0069,  then 
45xib 

/?c  =  600x45x  ]6X4| 

[0'022  +  (4  x  15  X  0*0069  X  0-079)  -  (12  X  15  X  Q-QOSg  x  0-281)  +  (12  X  15  x  0-0069)] 

6  [0"079  + (2x15X0-0069)] 

=  1, 944.000  r'^-^'^^'-l 
L1-716J 

=  1,072,000  lb.  in. 

/?,  =  16,000x45X16x  16  f- 

L6X15(2 

=  184,320,000r°-^^l 
L  154-7  J 

=  1,126,000  lb.  in. 

The  value  of  Re  is  0'8%  low,  because  d  was   taken    16  in.,   instead  of    16'32  as 

calculated.       For  practical   reasons  d  must   either  be    16  or  I62   in.,  and  if  the 

latter  value  be  taken  it  will  be  found  that   Re,  above,  is   larger   than  the  bending 

moment.     As  i?c,  with  J=  16,  is   only  OS'o  low,  this   value   will   probably  satisfy 

the  authorities  ;  if  not,  then  d  m.ust  be  made  I62  in.       The  ^•alue  of  Rt  is  higher 

than  the  bending  moment,  because  we  are  compelled  to  take  an  area  slightly  in 

excess  of  the  calculated  value.      The  value  of  b  in  this  example  is  smaller  than 

that   permitted  by    the   rules  of   the   Report,  which    rules   allow   it   to   have   the 

smallest  of  the  following  values  : 

6  =  "  =  6'66  ft. 
3 

6  =  1  slab  span  =  6'75  ft. 

6  =  15J,  =  5'62ft.  =  67  in. 

We   might,  therefore,   if  we  wished,  take    6  =  67   in.,   instead   of  45   in.,  but 

then   6,.  should  not  be   less   than     --  =  11    in.,  and   a   comparativelv    shallow   and 

6 

uneconomical  section  would  result. 


0'9457 


•0-281) 


1 
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CONCRETE  AT  ROWNTREE'S  COCOA    WORKS. 


REINFORCED  CONCRETE 

BUILDINGS    AT    ROWNTREE'S 

COCOA  WORKS. 


Belozi)  ive  give  particulars  of  numerous  buildings  ivhich  have  been  erected  ai  Roivniree's 
Cocoa  Works,  York,  on  a  system  of  reinforced  concrete  designed  and  patented  by  Messrs. 
Roiuntree' s  architect,  ■which  should  be  of  interest  to  oar  readers. — ED. 


The  new  dining-rcom  block  which  is  now  in  course  of  erection  for  Messrs. 
Rowntree's,  of  York,  contains  about  8,000  square  yards  of  flooring-,  and  when 
completed  will  be  one  of  the  finest  buildings  of  its  class  in  the  country.  It  is 
capable  of  dining"  at  one  time  3,000  persons,  and  will  be  equipped  with  the  latest 
and  most  up-to-date  kitchens,  which  are  desig^ned  to  come  on  the  top  floor,  from 
which  several  electrically-driven  hoists  will  serve  each  floor.  The  building  also 
contains  spacious  rooms  for  boys'  scholastic  classes,  wood-working-  shops,  etc., 
as  well  as  social  club  rooms  for  men  and  boys. 

A  large  lecture  hall  is  also  provided,  and  there  is  ample  pro^■ision  for  girls' 
domestic  classes,  which  when  fitted  up  will  compare  with  the  largest  and  most 
ad\anced  type  of  secondary  schools  in  the  country.      The  south  wing,  which  is 


Xew  Dining-room  Block  in  course  of  construction. 
Reinforced  Concrete  Buildings  at  Rowntrfe's  Cocoa  Works. 
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150  ft.  b_\-  50  ft.,  is  devoted  to  the  ijymn.'isia   for  l)oys  and  i^irls.      A   lland^ome 


Three  staties  in  the  construction  of  Dining-room  Block. 
Reinforced  Conxrete  Buildings  at  Rowntree's  Cocoa  Works. 

verandah,  15  ft.  wide,  runs  the  full  length  of  the  south  elevation.      Tlie  building 
q7.6 
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will  be  be  heated  throug'hout   by   atmospheric   pressure   steam,    and   lig-hted   by 
electricity. 

The  feature  of  the  building-  from  a  constructional  point  of  view  is  the  hug^e 
spans  obtained  by  the  use  of  Mr.  W.  J.  Swain's  patented  systems  of  reinforced 
concrete  and  reinforced  concrete  hollow  block  floors.  The  clear  spans  of  bays 
are  46  ft.  by  26  ft.  without  columns  or  visible  beams,  the  thickness  of  the  hollow 
floors  being-  only  9  in.  Many  thousands  of  pounds'  worth  of  work  have  been 
executed  on  this  cross-braced  system,  which  the  architect  claims  to  be  one  of 
the  most  scientifically  constructed  methods  yet  invented  for  reinforced  concrete, 
especially  for  larg-e  spans  and  heavy  loads.  Each  truss  forms  a  lattice  g-irder, 
and  these  trusses  are  put  together  on  the  ground  and  hoisted  into  position  as 
thoug-h  they  were  R.  S.  J.'s.  Each  truss  can  be  examined  on  the  g-round  and 
passed  before  hoisting-,  as  it  cannot  become  deranged  when  once  completed,  and 


\  iew  >l!cwin,4  trusses  in  beam  box  for  three  deck  bridge  between  two  factories. 
Reinforced  Concrete  Buildings  at  Rowntree's  Cocoa  Works. 

il  is  impossible  for  the  workmen  to  shift  the  position  of  the  steel  rods  or  lattice 
members  during  the  filling  or  punning  of  the  concrete. 

The  lattice  bracing  also  provides  for  varied  stresses  due  to  eccentric  loading 
or  settlements,  which  no  other  system  has  yet  achieved. 

The  official  tests  of  floors  made  in  this  system  have  shown  excellent  results 
- — on  one  floor  the  clear  span, of  which  was  18  ft.  6  in.  a  test  of  120  tons,  being 
jh  cwt.  per  sq.  ft.,  was  employed,  and  the  deflection  obtained  was  only  -,-^-^  in. 
and  no  permanent  set.  For  big  span  bridges  this  system  is  particularly  suit- 
able. It  is  impossible  for  columns  to  buckle  when  reinforced  on  the  four  sides 
with  this  system  of  cross-bracing,  the  trusses  of  which  are  bound  together  at 
the  angles.  One  of  the  great  advantages  claimed  is  that  ordinary  round  com- 
mercial steel  bars  are  employed,  and  the  whole  is  put  together,  with  ease,  at 
small  cost,  by  unskilled  labour  ;  and  the  cross-bracing  allows  of  any  number  of 
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bars  being"  employed  in  the  trusses.  These  trusses  could  be  made  in  any  town 
and  shipped  to  another  without  fear  of  dislocation  of  any  of  the  members. 

Several  of  these  trusses  have  been  made  over  60  ft.  in  leng-th  and  hoisted 
into  position. 

Illustrations  are  also  shown  on  this  page  of  a  novel  house  erected  last 
year  on  the  same  system,  in  which  the  walls  were  cast  upon  the  ground  with 


Reinforced  Concrete  Walls  on  ground,  with  windows  and  doors  complete,  ready  for  hoisting  into  position. 

I 


Concrete  House  completed. 
Reinforced  Conxrete  Bi;ildings  at  Rowntree's  Cocoa  Works. 

doors  and  windows  complete,  and  hoisted  into  position.  From  start  to  finish, 
including-  decorating,  furnishing,   and  occupation,  was  only  twelve  weeks. 

Mr.  W.  J.  Swain  is  the  resident  architect  for  Messrs.  Rowntree's,  York, 
and  carries  out  the  whole  of  the  designing  and  calculations  himself,  the  work 
being  done  by  the  firm's  own  workmen.  They  keep  a  staff  of  nearly  200  in  the 
building  department  alone. 

The  factories  cover  about  twelve  acres  of  ground-floor  space,  though  many 
of  the  buildings  are  six  and  seven  stories  high. 
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RECENT  VIEWS  ON 
CONCRETE  AND  REIN. 
FORCED       CONCRETE. 


^'v  RECENT  PAPEPS  &  DISCUSSIONS. 


It  is  oar  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  a'vailable  for  reference  purposes. 

The  method ive  are  adopting,  of  dividing  the  subjects  into  sections,  is,  tve  believe,  a 
netu  departure. — ED. 

THE  CONCRETE  INSTITUTE. 

THE  TRUE  BENDING   MOMENTS   OF   BEAMS   WITH 
VARIOUS    DEGREES    OF    FIXITY, 

By  MAURICE  BEHAR, 

Civil  Engineer,  Ecole  des  Pouts  et  Chanssees. 

The  object  of  this  paper  was  to  draw  the  attention  of  all  those  concerned  with 
reinforced  concrete  to  the  disadvantages  which  would  result  from  the  application 
of  certain  theories  and  formulae,  concerning  which  there  had  recently  been  a  certain 
amount  of  controversy ;  also  to  show,  by  means  of  examples,  the  excessive  increase 
in  the  weight  of  the  steel  bars  in  beams  and  posts  in  reinforced  concrete,  due  to 
the  application  of  these  methods. 

Beams.  —  Until  now  almost  all  the  engineers  specialising  in  reinforced  concrete 
calculate  beams  by  applying  the  usual  laws  of  mechanics,  or,  in  other  words,  the 
laws  governing  the  strength  of  materials.  Nevertheless,  for  the  main  beams  and 
secondary  beams  fixed  at  their  extremities  to  other  members  in  reinforced  concrete, 
such  as  walls,  posts,  or  other  beams,  the  specialist  engineers  usually  admit  that 
a  certain  amount  of  fixity  takes  place  at  these  points  of  junction,  and  concerning  this 
it  is  usual  to  make  certain  assumptions. 

Some  engineers  consider  that  the  fixation  is  partial  on  the  support,  and  has  for  its 
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In   this   case   thev    calculate   their    moment    at   the   middle   of   the   beam. 


\VL 


sufiliciently   strong   to   resist  a  bending   moment   of  -,   which   is    the   corresponding 

moment  to  the  one  stated  above. 

Other  engineers,  and  we  think  they  are  in  the  m.ajority,  consider  that  the  bending 

moment  should  be 


10 


in  the  middle  of  the  beam,  and  in  this  case  they  provid?  at  the 
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points  of  support  a  section  of  steel  capable  of  resisting  a  corresponding  moment  of 

Again,  other  specialists  consider  that  reinforced  concrete  beams  extending  over 
several  spans  must  be  considered  as  continuous,  and  they  apply  to  the  calculation  of 
these  beams  the  usual  rules  governing  continuity. 

In  addition  to  the  three  above-mentioned  methods  of  calculating  a  beam  in  rein- 
forced concrete  fixed  upon  its  two  points  of  support,  it  is  now  my  intention  to  consider 
the  method  which  has  been  put  forward  for  official  sanction,  and   which   would  have 


the  effect  of  stipulating   a  bending  moment    of 
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^r^   at  the  points  of  support. 
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in   the  middle   of  the  beam   and 
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Of  ihi'se  four  nidlliods  t)f  cakulation,  let  us  consider  the  question  of  wliich  one- 
produces  the  maximum  of  safety  in  the  construction. 

1.  Let  us  assume   that   the   bending;  moment  in    the    middle  is  — — -',  ^nJ  that  the 

correspondinij;  moment  at  the  points  of  support  '^^^r-    ^^  '"^'y  h:ippt-n  that,  on  account 

ol  the  conlinuitv  of  two  consecutive  beams  and  the  distribution  of  the  loads  on  the 
spans,  the  moment  at  the  point  of  support  becomes  ^frcater  than  the  one  provided 
for.     In  this  case  fissures  will  occur  at  this  point. 

Let  us  now  assume  by  e.xaijgeration  that  these  fissures  render  the  points  of  sup- 
port absolutely   free.     The  middle  of  the  beam   will   then    support  a   bendin<f  moment 

eqtial  to  -——,  but  as  the  beam  has  been  calculated  for  a  bending  moment  in  the  middl'i- 

o 

of  ii^,  the  factor  of  safetv  will  become 
12 

4  X  —  =  2"666  instead  of  4. 

The  beam  will  not  collapse  on  this  account,  inasmuch  as  the  concrete  in  the  lower 
part  of  the  beam  situated  underneath  the  neutral  axis  is  working  in  extension,  which 
has  not  been  taken  into  account  in  the  calculations. 

2.  Let  us  now  assume   that  the  bending  moment  in   the    middle  is    — — ^  and  the 

corresponding  moment   at   the  supports   is   equal    to  — -.      The    method    of   reasoning 

is  the  same  as  for  the  above,  except  that  in  the  case  of  the  transformation  of  the 
point  of  support  into  a  free  support  the  factor  of  safety  becomes 

4x—  =3'2  instead  of  4. 
10 

3.  Let  us  now  consider  the  continuous  beams.     In  this  case  the  moments  at  the 

supports  are  generally  greater  than  — -r-. 

Concerning  the  moments  in  the  middle  of  the  spans,  they  will  often  be  much  less 

^j^an  ^^.      We  must  remember,  however,  that  although  in  structural   steelwork  it  is 

possible  to  obtain  perfect  continuity  between  two  consecutive  spans,  it  is  not  so  with 
reinforced  concrete,  where  the  continuity  depends  upon  the  adherence  of  the  concrete 
to  the  bars  provided  in  the  upper  portion  of  the  beam  at  the  points  of  support. 

I  am  of  opinion  that  the  method  of  constructing  consecutive  beams  in  reinforced 
concrete  does  not  ensure  such  perfect  continuity  as  that  which  may  be  obtained  in 
consecutive  metallic  girders.  If  owing  to  this  lack  of  solidarity  between  two  con- 
secutive spans,  or  if  owing  to  bad  construction  the  point  of  support  should  give  way 
and  become  transformed  into  a  free  support,  then  the  middle  of  the  beam,  which  may 

in  certain  cases  have  been  calculated  with  a  moment  less  than  — y,  will  have  a  factor 

of  safety  less  than  2-66,  and  in  certain  cases  even  less  than  2.  It  is  obviovis  that  the 
construction  in  this  case  becomes  endangered,  and  the  danger  is  all  the  greater 
because  if  one  of  the  beams  gives  way  the  others  will  give  way  in  turn,  on  account  of 
the  fact  that  the  continuity  upon  which  we  relied  will  have  disappeared  owing  to  the 
failure  of  the  first  element. 

It  is  for  this  reason  that  in  steel  construction,  when  there  are  several  continuous 
spans,  it  is  usual  to  divide  these  into  a  series  of  portion  of  three  or  four  consecutive 
continuous  spans,   each  portion  being  separated  by  free  supports. 

4.  If  we  consider    ^-=^  in  the  middle  and ^    " -it  the  points  of  support,  this  case 

certainly  has  the  effect  of  producing  a  greater  safety  than  those  above  mentioned.  In 
the  middle  there  is  the  same  drawback  as  in  the  first  case,  but  not  the  one  due  to 
continuity.     At  the  supports,  however,  this  case  is  weaker  than  the  case  of  continuity, 
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although  it  has  very  nearly  the  same  value.  On  the  other  hand,  the  latter  method 
obliges  the  engineer  to  provide,  as  in  the  case  of  continuity,  in  the  bottom  compressed 
portion  of  the  beam,  and  at  the  points  of  support,  a  considerable  section  of  steel,  and 
this  section  will  be  all  the  greater  at  these  two  points,  on  account  of  the  fact  that,  if 
this  principle  is  admitted  in  the  Official  Regulations,  the  section  of  steel  required  will 
have  to  be  calculated  by  applying  a  stress  in  the  steel  equal  to  fifteen  times  the  stress 
of  the  concrete,  taken  at  the  axis  of  the  reinforcement  employed. 

Now,  as  a  matter  of   fact,   a  large  number  of  examples  of  principal   beams  and 

secondary  beams  which  I  have  calculated  with  at  the  supports,  have  proved  to  me 

that  the  working  stress  of  the  steel  in  compression  is  always  below  8,000  lb.  per  sq. 
in.,  and  that  in  secondary  beams  this  stress  rarely  attains  6,000  lb.  per  sq.  in.  The 
result  is  that  one  is  often  obliged  to  provide  such  a  considerable  number  of  steel  bars, 
that  it  is  materially  impossible  to  place  them  in  the  small  compressed  area  of  the  con- 
crete, in  the  bottom  of  the  beam. 

A  close  examination  of  the  four  methods  of  calculation   mentioned   above  has  led 

me  to  conclude  that,  as  far  as  stability  is  concerned,  the  moment  of  -^^  in  the  middle 

and  at  the  supports  gives  a  greater  security.  —   or -^at  the  supports  and  their 
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corresponding  values   of   — _-    or   - — ~  in   the   middle    would    never  actually   cause  the 

collapse  of  a  beam.  The  most  that  could  happen  in  such  a  case  would  be,  that  the 
floor  slab  over  the  beams  would  show  fissures,  whereas,  if  we  consider  the  case  of 
continuity,  we  find  that  this  may  prove  dangerous  if  the  workmanship  is  bad  or  the 
materials  unsuitable. 

From  an  economical  point  of  view,  the  semi-fixation  with   moments  of  —  ---^  at 

24 

the  support  and   at  the  middle,  requires  about   the   same  amount  of  steel  as  the 

partial  fixation  with  moments  of at  the  supports  and  at  the  middle. 

^  40  ^*  10 

Concerning  —    at  the  supports  and   ^  in  the  middle,  when  it  is  possible  to 

^  12  "  12  ^ 

actually  construct  the  beam  by  accommodating  the  amount  of  steel  required,  I  have 
found  that  these  values  bring  about  an  increase  40  to  50  per  cent,  greater  than  required 
in  the  cases  of  semi  or  partial  fixation  mentioned  above,  and  that  in  certain  cases  the 
excess  of  steel  may  be  as  much  as  100  per  cent. 

Concerning  the  case  of  continuity?  if  we  are  obliged  to  provide  in  the  lower  portion 
of  the  beams  the  necessary  section  of  steel  to  take  up  the  compression  at  the  points  of 
support,  and  if  we  put  aside  the  method  which  consists  of  reinforcing  this  portion  by 

means  of  spirals,  the  weight  of   the  bars  would  be  less  than  that  due  to   at  the 

12 
supports  and  in  the  middle,  but  the  weight  of  steel  would  be  superior  to  that  produced 
by  the  formula  of  semi  or  partial  fixation. 

I  understand  that  for  various  reasons  the  method  of  reinforcing  the  concrete  in 
the  beams  by  means  of  spirals  would  not  be  considered  or  authorised  in  the  new 
Regulations,  and  it  is  doubtful  whether  this  particular  method  could  meet  the  difficulty 
in  an  economical  manner.  If,  however,  the  new  Regulations  were  to  allow  the  use 
of  spirals,  to  increase  the  compression  of  beams,  and  if  it  were  found  that  this  was  the 
only  possible  way  of  solving  the  ^difficulty  of  the  compression,  then  it  is  obvious  that 
the  Regulations  would  have  the  effect  of  favouring,  to  the  exclusion  of  all  others,  one 
particular  method  only  for  which  a  patent  has  been  obtained,  thereby  creating  a 
monopoly. 

It  is  therefore  absolutely  necessary  that  the  proposed  Official  Regulations  should 
not  have  the  effect  of  obliging  engineers  to  calculate  beams   fixed  at  both  extremities 

with  a  bending  moment  of  —  ^—  at  the  supports  and   —-—at  the  middle,  and  I  sincerely 
f,  12  12 

trust   that    the   authorities,    who   are   at   present    drafting   out    new    Regulations,    will 
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simply  stipulate  the  application  of  the  usual  laws  of  mechanics  for  the  delerniinatiun 
ot  the  dimensions  of  beams  in  reinforced  concrete;  and  also  hope  that  the  case  of  semi- 
fixed beams,  which  is  in  no  ways  empirical,  and  which  is  absolutely  in  conformity  with 
the  laws  of  mechanics,  shall  be  considered  and  >li.ill  find  its  proper  place  in  the  new 
Rules. 

Compression  in  the  Upper  Portion  of  the  Beams  and  in  the  Middle  of 
the  Span. —  1  understand  that  it  is  intended  to  introduce  in  the  new  Rules  a  clause 
slijjLilating  that  the  width  b  of  the  slab  workin<*  in  compression  together  with  the 
beam  shall  be  equal  to  the  smallest  of  the  following  values  : — 

(a)  To  one-third  of  the  effective  span  of  the  beam. 

(b)  Or  three-quarters  of  the  distance  centre  to  centre  between  beams. 

(c)  Or  si.v  times  the  thickness  of  the  beam. 

(d)  Or  fifteen  limes  the  thickness  of  the  slab. 

I  have  found  that  the  cases  of  c  or  d  are  those  which  will  be  usually  applied, 
especially  for  principal  beams.  It  is  obvious  that  owing  to  this  the  compression  will 
almost  in  every  case  be  insufficient  at  the  centre  of  these  beams.  As,  on  the  other 
hand,  the  upper  bars  are  usually  placed  2  in.  from  the  upper  surface  of  the  beam,  the 
working  stress  of  the  steel  will  rarely  reach  8,000  lb.  per  sq.  in.  We  shall  therefore 
be  obliged  to  provide  a  relatively  considerable  section  of  steel  in  the  top  portion  of  the 
beam,  and  in  certain  cases  this  section  might  even  exceed  the  section  of  the  steel  in 
tension,  unless  the  Rules  authorise  engineers  to  consider  the  beam  in  the  middle  as 
being  practically  a  steel  girder,  and  in  this  case  the  sections  at  the  top  and  at  the 
bottom  would  be  equal ;  but  of  course  the  compression  of  the  concrete  would  have 
to  be  neglected. 

Now,  if  we  examine  a  reinforced  concrete  construction  composed  of  slabs,  secondary 
beams  and  principal  beams  (for  instance,  floors  or  retaining  wall),  the  construction 
presents  an  absolutely  monolithic  and  rigid  table,  and  as  the  component  members  are 
working  together  I  would  suggest  that  in  reality  it  would  be  possible  to  assume  that 
the  entire  distance  between  centre  to  centre  of  the  secondary  beams  or  main  beams 
is  working  in  compression — in  other  words,  that  the  entire  area  of  the  slab  could  be 
taken  for  the  resistance  in  compression  of  the  beams. 

The  only  objection  to  this  method  of  procedure  is  that  to  the  compression  of  the 
slab  itself  considered  separately  we  must  add  the  compression  produced  by  the  secondary 
beams — that  is,  if  we  only  consider  a  slab  and  secondary  beam. 

If  we  consider  the  principal  beams  we  find  that  to  the  compression  produced  by 
the  latter  we  must  add  the  compression  due  to  the  secondary  beam.  It  is  possible 
that  the  resultant  of  these  two  forces  may  produce  a  compressive  stress  superior  to 
600  lb.  per  sq.  in.,  especially  in  the  case  where  the  compression  of  the  slab  is  working 
with  the  secondary  beam,  inasmuch  as  the  slab  itself  is  usually  calculated  for  a  stress 
of  600  lb.  at  the  extreme  compressed  fibre,  but  when  the  slab  is  working  with  the 
principal  beam  it  is  only  influenced  by  the  compression  of  the  secondary  beam,  and 
as  in  reality  the  entire  table  or  slab  is  working  in  the  direction  of  the  secondary  beams 
as  well  as  in  the  direction  of  the  principal  beams,  the  result  is  that  the  rates  of  com- 
pression at  the  extreme  compressed  fibre  are  comparatively  low,  and  the  resultant 
rarely  attains  600  lb.  per  sq.  in.,  except  in  the  case  where  the  section  area  of  the  con- 
crete being  insufficient,  the  designer  has  been  obliged  to  introduce  a  certain  section 
of  steel  in  compression. 

It  follows  from  the  above  method  of  reasoning  that  it  would  be  possible  to  retain 
the  clauses  a,  b,  and  d  for  the  secondary  beams,  but  that  it  would  be  advisable  to 
suppress  the  clause  c,  which  I  consider  is  unnecessary  as  applied  to  secondary  beams, 
and  I  am  of  opinion  that  clauses  a  and  b  only  should  remain  for  the  principal  beams. 

It  is  perhaps  for  the  reason  mentioned  above  that  the  French  Regulations  for 
reinforced  concrete  stipulate  that  three-quarters  only  of  the  slab  application  must  be 
taken  for  the  compressive  resistance  of  secondary  beams,  or  one-third  of  the  span  of 
the  beam,  whichever  is  the  smallest;  but  it  is  to  be  noticed  that  these  Rules  have  not 
prescribed  anvthing  concerning  the  principal  beams,  so  that  in  France  engineers  are 
free  to  take  the  entire  width  of  the  slab  for  the  comi)ressive  resistance  of  the 
principal  beams. 

I    wish  to  make  it  clear  that  I    do   not   actually   advise   that    this    should  be  done. 
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but  that  clauses  a  and   h  should  subsist  for  the  calculation   of  the  compressive  resist- 
ance of  principal  beams. 

Reinforced  Coacrete  Lintels  or  Beams  witliout  Slabs.  —  I  am  under  the 
impression  that  the  proposed  Regulations  have  not  put  forward  anv  rules  to  deal 
with  this  case.  If,  therefore,  we  apply  to  these  beams  the  formula;  applicable  to 
rectangular  beams,  we  would  have  to  take  for  the  stress  of  the  steel  in  compression 
fifteen  times  the  value  of  the  stress  of  the  concrete  at  the  centre  of  gravitj-  of  the 
section  of  the  compressed  bars — namely,  about  8,000  lb.  per  sq.  in.  A  reinforced 
concrete  lintel  will  therefore  have  a  weight  of  steel  often  superior  to  that  of  a  steel 
girder  or  joist,  and  on  this  account  there  would  be  no  advantage  in  future  in  adopting 
reinforced   concrete  for  this  kind  of  work. 

Posts  or  Pillars  in  Reinforced  Concrete. — Concerning  the  calculations  of  posts 
or  pillars,  I  take  it  that  the  formula  which  is  intended  to  be  adopted  will  be — 

P  =  c  U  +  (;»-lM„), 
in  which  c  represents  the  working  stress  of  the  concrete  in  direct  compression,  A  the 
effective  area  of  the  pillar—  that  is  to  say,  the  section  of  the  pillar  after  deducting  the 
area  of  concrete  situated  between  the  external  faces  of  the  pillar  and  the  vertical  bars, 
A„  being  the  section  of  the  vertical  bars  and  m  equal  to  15. 

Although  this  formula  may  be  applied  to  the  case  in  which  the  transverse  reinforce- 
ment is  taken  into  account,  and  where  the  diameter  of  the  transverse  reinforcement 
and  the  spacing  of  same  per  foot  run  would  lead  us  to  take  for  c  much  higher  values 
than  600  lb.  per  sq.  in.,  I  fail  to  see  why  this  formula  should  be  applied  to  ordinary 
pillars,  seeing  that  for  purely  constructional  reasons  only  transverse  reinforcement  has 
been  introduced  for  the  binding  together  of  the  principal  bars  during  the  concreting 
operation,  and  in  this  case  it  would  appear  to  me  that  the  total  section  of  the  concrete 
should  be  taken  into  account,  which  has  been,  and  is,  the  usual  practice  of  most  of  the 
experienced  designers  in  reinforced  concrete. 

If  an  additional  stipulation  is  considered  necessary  for  further  safety,  I  would 
suggest  that  this  should  take  the  form  of  reducing  the  rate  of  600  lb.  per  sq.  in.  of  the 
concrete  in  compression,  in  conformity  with  Rankine's  formula. 

DISCUSSION. 
Professor  Henry   Adams,  M.lnst.C.E.—    He    agreed     with     the    majority     of    the    statements 
made  in  this  paper,  but  some  of  them  he  did  not  agree  with,  and  others  he  did  not  follow. 

Continuous  beams  were  the  gist  of  the  whole  paper.     The  author  said  :   '"  In  this  case  the 

WL 
moments  at  the  supports  are  generally  greater  than  ^r^,"  but  there  was  only  one  usual  case  to 

his  (Prof.  Adams's)  knowledge  where  that  occurred,  and  that  was  in  the  end  span  of  a  beam. 
With  regard  to  continuity  between  two  consecutive  spans,  the  author  admitted  that  in  structural 
■steelwork  it  was  possible  to  obtain  perfect  continuity  b\-  the  construction  of  the  girders,  but  in 
his  opinion  it  was  equally  possible  to  obtain  continuity  between  girders  of  adjacent  spans  in 
reinforced  concrete.  If  it  were  a  Question  in  the  one  case  of  the  shear  strength  of  the  rivets, 
in  the  other  case  it  was  the  adhesion  of  the  material  to  the  concrete,  and  with  proper  designing 
there  was  no  leason  for  putting  the  one  class  of  work  in  a  different  category  from  the  other. 

The  author  also  stated  that  "it  is  obvious  that  the  construction  in  this  case  becomes 
endangered,  and  the  danger  is  all  the  greater  because  if  one  of  the  beams  gives  way  the 
others  will  give  way  in  turn."  That  is  comparing  it  with  a  railway  viaduct,  where  if  one 
arch  fails  the  whole  series  of  arches  must  of  necessity  fail  up  to  the  stop  abutment,  and 
that  was  why  a  stop  abutment  was  put  in.  As  in  the  case  of  continuous  beams,  the  severance 
of  the  continuity  at  one  point  did  not  affect  the  others ;  it  only  affected  the  immediate 
contiguous  beams  and  made  them  equivalent  to  the  end  beam  of  a  series. 

In  the  four  different  methods  to  be  compared  in  finding  the  width  of  flange  of  a  T-beam, 
the  third  one  which  the  author  objected  to  he  believed  is  likely  to  be  removed  from  the 
Regulations.  It  was  one  that  did  not  compare  readih'  with  the  other  three,  and,  with  the 
author,  he  hoped  that  it  would  be  deleted  in  the  final  Regulations. 

With  regard  to  the  beams  taking  into  account  part  of  the  floor  slab,  his  view  was  that  in 
the  majority  of  cases  the  main  reinforcement  was  in  one  direction  only  in  the  slab,  and  in 
that  direction  it  must  not  be  taken  into  account  as  the  flange  of  a  T-beam.  When  there  are 
main  beams,  cross-beams,  and  the  floor  slab,  the  main  reinforcement  of  the  floor  slab  would 
come  in  the  direction  of  the  main  beams — that  is,  from  one  cross-beam  to  the  other — and  in 
that  case  the  main  beams  should  be  taken  as  rectangular  beams,  only  the  cross-beams  being 
taken  as  T-beams. 
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Mentioning  pilhirs,  the  author  said  that  "the  transverse  reinforcement  ha<l  been  intro- 
duced for  purely  constructional  reasons,  only  for  bonding  together  the  principal  bars  during 
the  concreting  operation."  He  thought  one  of  the  chief  reasons  for  the  transverse  reinforce- 
ment was  to  prevent  the  bars  from  bulging  under  the  vertical  load. 

With  regard  to  pillars,  '8  per  cent,  of  the  section  of  concrete  for  the  steel  was  a  good 
proportion,  but  it  was  not  always  possible  to  keep  to  it.  There  were  other  considerations, 
that  affected  the  diameter  of  the  pillar.  When  you  want  to  keep  it  very  small  you  might  have 
to  put  more  than  that  percentage  of  steel,  and  if  you  wished  to  keep  it  the  same  width  as  the 
main  beam,  then  it  might  be  that  less  than  that  percentage  of  steel  is  required. 

He  would  say  in  conclusion  that  in  his  opinion  all  the  stresses  in  reinforced  concrete 
should  be  calculated  by  the  ordinary  laws  of  mechanics,  and  that,  if  proper  provision  was 
made  in  the  design,  it  was  not  necessary  to  make  any  surplus  allowance  for  reverse  bending 
moments. 

Afr.  R.  W.  Vawdrey.  B.A.,  Assoc M. last. C.B.  —  He  heartily  agreed  with  the  author  that 
any  such  set  of  rules  as  those  proposed  should  be  looked  upon  as  a  means  of  dealing  quickly 
and  conveniently  with  difficulties  that  might  arise.  A  set  of  rules  such  as  that  proposed  by  the 
London  County  Council  should  be  used  for  checking  for  safety  any  design  which  was  put 
before  an  authority,  but,  if  in  any  particular  case  a  competent  designer  wished  not  to  evade  the 
rules  but  to  go  more  accurately  into  details,  taking  into  account  the  circumstances  which  perhaps 
were  not  covered  by  the  rules,  it  appeared  to  him  essential,  if  they  did  not  wish  to  prevent 
new  and  progressive  design,  to  allow  any  designer  to  substantiate  any  position  which  he 
wistied  to  make,  or  otherwise  design  in  this  material,  which  was  in  a  very  fluid  condition.  The 
question  of  design  was  continually  changing  ;  our  methods  have  changed  very  considerably  in 
the  last  two  or  three  years — if  no  allowance  were  made  for  further  progress  the  conditions 
which  obtain  at  this  moment  were  likely  to  be  stereotyped.  If  these  formula;  are  to  be  adhered 
to  accurately  in  all  cases  it  appeared  to  him,  as  he  said  before,  the  whole  business  was  stereo- 
typed in  its  present  condition  at  this  moment. 

With  regard  to  some  of  the  details  of  the  paper,  it  appeared  to  him  that  the  paper  might 
be  summed  up  into  an  argument  against  the  use  of  continuity.  W^ell,  he  certainly  was  under 
the  impression  that  one  of  the  chief  advantages  of  reinforced  concrete  was  the  ease  with  which 
continuity  could  be  obtained.  The  author  admitted  that  steelwork  could  be  made  fully  con- 
tinuous. He  utterly  failed  to  see  where  the  greater  difficulty  was  in  making  reinforced 
concrete  continuous.  The  author  appeared  to  treat  the  bending  moments  over  a  support  as  one 
which  could  only  be  resisted  with  rlifficulty.  He  himself  could  not  see  the  slightest  difference 
between  the  resistance  of  a  bending  moment  over  a  support  and  that  in  the  middle  of  a  beam. 
It  appeared  just  as  reasonable  to  suggest  that  it  was  impossible  to  check  in  the  middle  of  a 
beam  a  bending  moment  which  exists,  as  it  is  to  say  there  was  any  difficulty  or  danger  in 
resisting  a  bending  moment  over  a  column.  If  the  author  suggests  that  the  bending  moment 
over  a  column  might  be  insufficiently  guarded  against,  and  therefore  more  would  be  thrown 
on  the  centre  of  the  beam,  of  course  that  is  so  ;  but  it  was  no  more  likely  that  the  bending 
moment  would  be  insufficiently  resisted  over  a  support  than  that  the  bending  moment  would 
be  insufficiently  resisted  in  the  middle  of  the  beam,  and  he  thought,  therefore,  that  it  would  be 
just  as  reasonable  to  design  a  floor  in  which  the  whole  of  the  bending  moment  was  collected  at 
the  point  of  support,  and  therefore  taken  away  from  the  centre  of  the  beam,  as  to  design  a 
building  in  which  the  whole  of  the  bending  moment  was  thrown  on  to  the  centre  of  the  beam 
and  little  or  no  opportunity  for  resisting  the  bending  moment  at  the  support  was  made. 

The    author    did    not    appear    to    lay    sufficient    stress    on    resisting    the    greatest    moment 

which    must    occur    at    any    point.       If    the    floor    were    designed    as    he    suggested    with,    say, 

WL 
a   bending   moment    of    —     at    the    support    and    the    greatest    moment    in    the   middle   of   the 

span,    if   that    floor   were    loaded    throughout,    however    great    the   bending   moment    which    had 

been  allowed    for   in   the   centre   of   the  span   might   be,    the  — —  at   the   support   would   not  be 

sufficient  to  resist  the  bending  moment  which  actually  occurred  at  that  point,  and  therefore 
cracks  would  take  place  at  the  support,  and  the  whole  load  would  be  thrown  on  the  middle 
of  the  span.     In  that  case  it  would  be  necessary  to  take  the  bending  moment  at  the  middle  of 

WL 
the  span  as  — ^    .  and.  therefore,  in  every  case  it  appeared  to  him  that  the  full  bending  moment 

which  will  occur  at  that  point  must  be  taken. 

He  would  suggest  that  all  the  Rules  of  the  London  County  Council  are  very  fair  for  use, 
as,  more  or  less,  general  rules  of  design,  and  that  any  difficulty  such  as  those  raised  by  the 
author  in  his  paper  would  be  fully  met  if  a  clause  were  inserted   in  the  Regulations  that  any 
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designer  who  wished  to  go  beyond  the  Rules  in  any  particular  must  satisfy  the  authorities 
that  he  has  good  reason  for  acting  as  he  proposes  to  do. 

Mr.  Ewart  S.  Andrews,    B.Sc.  (Bag.). —  lie  would   like  to   point  out   that   the   argument   and 

theory   upon   which   this    --     was  obtained  were  based  upon   the  assumption  that  a  beam  was 

a  constant  section  throughout  its  length,  or,  rather,  it  was  based  upon  the  assumption  that  it 
had  a  constant  moment  of  inertia,  and  that  assumption,  of  course,  did  not  hold  in  the  case  of 
a  beam  in  which  you  have  the  reinforcement  at  the  bottom  and  then  bent  up  and  used  over  the 
support.  That,  in  the  actual  case,  more  nearly  approximates  to  the  case  of  a  fixed  beam  of 
uniform  strength.  In  that  case  you  would  have  the  point  of  contra-flexure  of  the  beam  at  one- 
fourth  of  the  span,  instead  of  at  the  point,  2'ii,  of  the  ordinary  assumption.    And  that  has  the 

3WL 

effect  of  increasing  the  bending  moment  at  the  end  and  bringing  it  up  to    -5^ — _ 

In  the  consideration  of  any  formulae  of  this  kind,   it  seemed  to  him  that  we  want  to  try 

and  get  some  more  evidence  upon  the  subject  of  what  exactly  are  the  bending  moments  at  the 

fixed  end  of  the  fixed  beam;  because,  if  we  are  going  to  attempt  to  make  our  calculations  to 

allow   for   a   fixed   end   and   to  avoid  the   development   of   the   cracks   which   must   occur   if   no 

WL 
reinforcement   is  made,   then,   if   we  calculate  "satisfactorily,   say,    for  the    —    ,    if   that   is   the 

bending  moment,    there   is  no   reason  to   worry  about  the     -^  which   would   occur   if   we   had 

cracks,  because  there  is  no  reason  to  suppose  that  the  cracks  will  ever  develop. 

It  seemed  to  him  that  the  treatment  on  page  12  of  the  Paper  was  one  of  very  great 
importance  in  this  matter,  because,  of  course,  if  you  are  unable  to  make  any  allowance 
at  the  end,  if  the  slab  is,  as  it  were,  at  the  wrong  side  to  be  of  any  use  to  you  in 
the  resisting  of  compression,  then  \ou  really  have  a  beam  in  which  you  have  got  double 
reinforcement,  and,  as  the  author  says,  on  the  ordinary  assumption  where  you  allow  for  the 
concrete  in  compression,  you  have  to  have  very  much  more  steel  in  the  compression  side  than  in 
the  tension  side.  It  seemed  to  be  only  reasonable  that  in  such  circumstances  we  ought  to  be 
able  to  throw  over  the  compressive  resistance  of  the  concrete  altogether  and  merely  considr;r 
our  beam  as  made  up  of  two  steel  sections  which  are  held  at  a  suitable  distance  apart. 

Mr.  Morgan  E.  Yeatman.  M.A.,  M.Inst. C.B..  M.Am.Soc.C.E.  —  He  heartily  agreed  with 
the  author's  general  conclusion  as  to  not  being  bound  by  formulae  without  any  discretion,  and, 
if  it  is  likely  that  formulae  will  be  officially  adopted,  it  is  a  very  good  thing  that  we  should 
have  a  discussion  on  them  and  see  what  is  likely  to  be  put  before  us. 

Regarding  the  columns,  he  entirely  agreed  with  M.  Behar,  and  thought  general  practice 
was  unanimous  on  that — that  where  only  a  moderate  compression,  not  exceeding  600  lb.,  or 
perhaps  some  lighter  load,  as  500  lb.,  was  allowed  on  the  concrete,  the  whole  section  of  the 
concrete  was  taken  into  consideration.  When,  on  the  other  hand,  a  higher  compression  was 
allowed  in  consideration  of  the  increased  strength  due  to  hooping,  only  the  section  inside  the 
hooping  could  be  considered ;  for  it  was  obviously  the  case  that  where  such  columns  were 
tested  to  destruction  the  outer  concrete  scaled  right  off  by  the  time  the  inner  concrete  gets  up  to 
its  maximum  load. 

He  had  occasion,  at  a  recent  discussion  at  the  Institution  of  Civil  Engineers,  to  protest 
against  making  too  great  an  allowance  for  continuity  in  beams.  The  continuity  is  there, 
undoubtedly,  but  it  must  be  remembered  that  the  loads  were  not  always  on  all  the  spans 
at  the  same  time.  It  was  rather  a  difficult  matter  to  calculate  it  for  a  large  number  of  spans, 
but  he  had  worked  out  for  three  spans  the  abutment  loads  and  the  maximum  moments  under 

3 

different   conditions.      In   the   middle   span   the   maximum   was  -—r-WL,    supposing   it   to   be  of 

40 

uniform   section   all   through   and   uniformly    loaded  ;   that    is,    at   the  centre  of   the   centre  one 

when  it  is  loaded  and  the  other  two  are  unloaded. 

Now  the  maximum  moment  on  the  end  span  is  WL  multiplied  by  81  and  divided  by  800. 

It  is  a  little  greater  than  one-tenth,,  and  that  is  obtained  when  the  two  end  spans  are  loaded 

7 
and  the  middle  span  unloaded.     The  maximum  moment  over  a  support  is   t-:    of  WL,  which  is 

50 

obtained  when  one  end  span  and  the  central  span  are  loaded  and  the  other  end  span  is 
unloaded.  When  all  the  spans  are  loaded  (which,  of  course,  is  the  case  for  that  part  of  the 
load  which  is  dead-load),  the  moments  over  the  supports  are  WL  divided  by  10.  In  the 
middle  of  the  middle  span  it  is  WL  divided  by  40,  and  at  the  maximum  point  on  the  end  span 
It  IS  \\  L  multiplied  by  2  and  divided  by  25.    With  the  central  span  only  loaded,  the  maximum 

3 
moment  at   the  centre  is   ,7-  WL.      Now   that   shows  that,   except   in   the  middle  span,   you   are 
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liable  to  have  moments  both  at  the  centre  of  the  span  and  over  siippcris  slightly  exceeding 
WL  by  lo;  but,  of  course,  in  all  practical  cases  there  is  a  imiform  dead-load,  as  well  as  the 
variable  load  which  may  or  may  not  come  on  the  span.  On  the  ratio  between  those  two  will 
depend  what  the  actual  maximum  is  in  any  case. 

When  it  comes  to  T-beams,  we  are  certainly  landed  in  a  dillirulty  by  the  fact  that  over 
the  supports  we  have  no  T  to  take  the  compression,  and  we  can  hardly  provide  one  in 
concrete.  He  thought  the  alternative  of  deepening  the  beam  at  the  support  by  a  bracket  was 
a  very  good  one.  Certainly  any  method  which  led  to  the  putting  in  of  three  times  the  quantity 
ot  steel  in  compression  at  the  support  that  you  have  in  tension  at  the  middle  of  the  span  was 
an  irrational  one,  for  to  use  heavy  steel  reinforcement  in  compression  at  about  6,000  tons  per 
square  inch  was  not  an  economical  way  of  treating  the  material.  If  that  had  to  be  done,  it 
certainly   would  be  more  economical   to  sever  your  continuity   and   provide   an   ordinary   beam 

.vith     — ^    at  the  centre.     But  every  practical  constructor  would   agree  that,   having  done  that, 

8 
you  would  not  have  increased  your  strength  by  severing  the  continuity.      It  would  be  better  to 
leave   the  continuity    for   what   it   is   worth,   and   in   jiractice   you   would   not    go    far   out   if   you 
provided  for  ^--   at  the  centre  and  carried  about  the  same  amount  of  metal  over  the  supports. 

He  agreed  with  Professor  Adams  as  to  the  danger  of  calculating  the  slabs  for  T's  to  the 
main  beams — that  is,  in  the  kind  of  constructions  where  the  secondary  beams  or  joists  were 
much  closer  together  centre  to  centre  than  the  main  beams  or  girders.  In  that  case  the  floor 
slabs  span  from  joist  to  joist,  the  tension  in  that  direction  was  taken  by  rods  and  the  upper 
part  of  the  floor  was  in  compression,  to  whatever  amount  of  compression  is  allowed,  parallel 
to  the  main  beams  and  at  right  angles  to  the  joists.  If  you  make  the  main  beam  a  T,  you 
put  a  compressive  strain  on  that  slab,  which  must  necessarily  be  added  to  the  compressive  strain 
which  is  on  the  top  part  of  it  already.  In  the  bottom  part  of  the  slab  there  is  a  compression  put 
on  by  the  use  of  the  T  which  negatives  the  tension  that  there  would  be  in  the  bottom  part  of 
the  slab,  and  at  the  top  over  the  abutments  the  strains  are  in  opposite  directions  ;  but  at  the 
centre  of  each  small  span  necessarily  the  maximum  compressive  strain,  both  from  action  as  a. 
T-beam  and  from  action  as  a  slab,  is  at  the  top  extreme  fibres.  ^Ye  find,  in  point  of  fact,  that 
those  two  compressions  will  be  added  together  ;  therefore,  if  you  are  to  count  it  as  l>oth,  you 
must  allow  for  the  maximum  strain  to  be  safe  under  the  two  compressions. 

The  whole  thing  pointed  to  the  conclusion  that  the  author  had  arrived  at — namely,  that 
it  was  both  difficult  and  dangerous  to  lay  these  things  down  by  hard  and  fast  formula^.  They 
nught  to  be  designed  by  people  who  understand  them. 

Mr.  Herbert  E.  Steinberg,  Assoc. M.Iast.C.B.  —  It  seemed  to  him,  first  of  all,  desirable  to 
clear  up  the  difference  between  a  beam  with  fixed  ends  and  a  continuous  beam.  The  author 
rather  fell  into  the  error  of  treating  them  both  as  though  they  were  one  and  the  same  thing. 
The  question  of  continuous  beams  was  one  that  could  be  solved  with  almost  the  same  accuracy 

WL 
as    the    ordinary    beam    with    free    supports,    having    a    bending    moment   of-|-.       The    only 

point  on  which  there  could  be  any  doubt  was  as  to  whether  it  is  permissible  to  assume 
the  beam  as  having  a  constant  moment  of  inertia.  There  were,  however,  experiments — chi.;fly 
German  experiments — which  proved  that  this  was  quite  a  reasonable  working  hypothesis ; 
and,  therefore,  once  you  adopt  a  constant  moment  of  inertia,  you  could  calculate,  as  one  of 
the  speakers  had  already  calculated,  the  bending  moment  for  a  continuous  beam  of  any  number 
of  spans  under  any  condition  of  loading. 

The  Regulations  proposed  by  the  London  County  Council  lay  down  fairly  clearly  what 
to  do  with  beams  when  the  loading  is  evenly  distributed  ;  but  there  was  also  the  difficulty  of  a 
continuous  beam  in  which  the  loads  were  applied  at  points  along  the  beam  and  not  distributed 
uniformly  throughout  the  length.  The  various  spans  of  the  beam  may  also  be  unequal. 
Occasionally  one  came  across  a  building  where  the  columns  stop  at  the  first  floor  and  the  first 
floor  beam  has  to  carry  jioint  loads  from  two  columns.     It  was  still  a  continuous  beam,  but  it 

WL 
would  be  ridiculous  to  apply  bending  moments  of-y^'  or  WL  over  any   factor  done  by  guess- 
work.   The  only  thing  to  do  was  to  calculate  it  properly. 

With  regard  to  beams  with  fixed  ends,  the  amount  of  fixity  usually  depended  not  upon 
the  beam  but  upon  the  part  of  the  structure  which  takes  the  end  of  the  beam.  If  there  is  a 
sufficient  height  of  brickwork  above  the  built-in  end  of  the  beam  a  negative  bending  moment, 
or    a   counterwise   bending   moment,    may    be    developed    sufficient   to    neutralise   the   clock-wise 

bending  moment  in  the  beam.  and.  therefore,  it  might  realise  a  truly  fixed  end  ',  in  which 
case  the  bending  moment   at   the   middle  of   the   span   wouUl   then  be   relieved   until   it   became 
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-  ~  .       Even    in    this    case    it    would    not    be    iirudent    to    adopt  ;    and,    therefore,    if    you 

really  want  to  make  the  best  job  of  it,  you  would  calculate  the  bending  moment  at  the  ends 

of  the  beam  as  though  they  were  perfectly  fixed,  and  you  would  calculate  the  bending  moment 

in  the  middle  of  the  beam  as  though  the  ends  were  imperfectly  fixed. 

WL 
The  London   County   Council   proposal   to   lay   down   a  bending   moment  of  —~-     was,   as  a 

general  rule,  a  very  reasonable  proposal.     It  was  not  nearly  so  severe  as  the  German  regula- 
tions, where,  if  you  could  not  calculate  the  bending  moment  accurately,  you  are  forced  to  take 

the  -~^r-  over  the  support  and      ?,      in  the  span.     The  London  Countv  Council  bending  moments 
8  o 

allowed  a  good  deal  more  latitude  than  that. 

There   is   a    fundamental    fallacy    into    which,    it    appeared    to    him,    at    an\-    rate,    that   the 

author   and  one  or   two   speakers  had    fallen,   viz.  : — That  by   taking   a   bending   moment  of   a 

certain  amount  at  one  point   in  a  beam  you  thereby   reduced  the  bending  moment  at  another 

point  in  the  beam.     Vou  did  nothing  of  the  sort.     The   bending  moment  is  not  a  thing  over 

which  you  have  any  control  at  all ;  it  is  a  thing  which  depended  on  the  loading  of  the  beam 

and  the  span  of  the  beam.     What  you  have  _to  do  is  to  try  and  estimate  it  by  calculation  as 

accurately  as  possible.    Because  you  may  have  determined,  with  superior  wisdom,  that  the  bend- 

WL  WL 

ing  moments  in  the  spans  shall  be  — rr-  and  over  the   support  —--  .  the  bending  moment  over  the 

lA  40 

support  will  not  change,  nor  will  the  actual  bending  moment  in  the  span  alter.     If  you  put  in 

WL 
sufficient  steel   for  ^h    '  then,   as  the  bending  moment  you  have  taken  is  not  enough,  the  .steel 

will  be  over-stressed  and  the  concrete  will  crack,  and  your  bending   moment  at  the  middle  of 

the  span  will  then  be  greater  than  you  assumed. 

Then,  again,  it  did  not  appear  to  him  to  need  any  laborious  proof  that  it  was  more  safe 

WL  WL       WL      WL 

to  take    --;r    than      r    !      ^  .   — 7-   would  be  still  more  safe. 
12  40  8  6 

( Jne  speaker  gave  the  loading  of  the  bending  moment  for  various  conditions  of  loading  on 

a  girder  of  three  spans  with  the  ends  free,  and  he  said  the  bending  moment  for  the  dead-load 

WL  WL 

which  cannot  vary,   from  span  to  span,  as  a   maximum  of    -^  m  the  end  span.    — -^  over  the 

WL 
first  support,  and    ,—   in  the  centre  span.     Xow  a  super-load  ;na\   exist  on  the  centre  span  onl\', 

the  end  span  only,  or  it  may  exist  on  the  two  end  spans  ;  you,  therefore,  will  have  to  calculate 

those  three  cases,  take  the  worst  possible  bending  moment   from  each  case,   add  that  bending 

moment  to  the  bending  moment  of  the  dead-load,  and  then  you  will  have  done  \'Our  work  as 

accurately  as  you  possibly  can.     And  if  you  calculate  your  reinforcement  according  to   those 

bending  moments,  you  have  made  the  best  possible  job  you  can  of  the  work. 

The  author  said,  if  you  do  anything  like  that,  you  are  led  into  great  difficulties  with  your 

bending   moment  over  support   and   are   almost   forced  to   put   spirals   in   the   gussets,   but   I   do 

not  think  you  are.    How  is  it  that  in  Germany,  where  the  official  bending  moment  over  supports 

WL 
is       -  ,   and  Considere's  spiral   patent  still   holds,   an  enormous  amount  ol    reinforced  concrete 

o 

is  done  to  the  official  regulations?     If  it  were  impossible  to  design  with    -y^  over  the  support, 

WL 
it  would  be  perfectlv  prohibitive  with  such  a  regulation  as  —^  . 

o 

\Vith  regard  to  the  method  of  putting  in  spirals  in  the  lower  side  of  beams  near  the  points 
of  support,  the  author  apparently  considers  this  to  be  a  good  and  satisfactory  method,  and,  as 
an  admirer  of  M.  Considere,  the  inventor  and  patentee  of  the  spiral,  the  speaker  fully  agreed 
with  him  ;  but  it  is  not  essential  to  do  it  that  way.  It  might  make  the  best  job  of  it,  but  the 
difficulty  could  be  overcome  in  othef  ways. 

With  respect  to  the  compression  of  the  concrete  in  the  slab,  apart  from  the  fact  that  the 
compression  in  the  slab  due  to  the  bending  moment  in  the  slab  existed  only  for  about  one-third 
of  the  way  down,  there  was  also  another  factor,  and  that  was  that,  quite  apart  from  how  you 
considered  it,  immediately  a  slab  passed  over  the  beam  it  was  prevented  from  deflecting  in  the 
direction  of  its  span,  and,  therefore,  there  was  no  bending  moment  and  no  compression  in 
the  slab  at  that  point,  and  that  action  extended  for  a  considerable  area  on  either  side  of  the 
beam  ;  so  that  even  although  on  paper  the  arrangement  of  the  beams  might  look  as  though  the 
slab  was  doubly  compressed,  in  practice  it  could  not  possibly  be  so. 
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There  were  one  or  two  points  on  which  he  agreed  with  the  author,  and  first  witli  regard  to 
posts.  It  was  quite  reasonable  that  the  cover  of  the  concrete  should  be  recognised  as  con- 
tributing to  the  strength  of  the  post.  If  you  enhanced  the  value  of  what  you  might  call  the 
basis  stress  on  the  concrete  by  putting  either  a  series  of  ties  closely  together  or  by  a  spiral, 
you  could  put  a  larger  stress  on  the  concrete.  But  nevertheless  'he  thought  that  the  large  area 
outside  the  round  or  the  square  core  might  be  taken  at  600  lb.  per  square  inch.  It  inevitably 
contributed  to  the  strenglh  of  the  column. 

E.  Flaader  Btchells,  F.Phys.Soc,  M.Math.A.,  A.M.I.Mech.B.,  moved  the  vote  of  thanks 
to  the  author,  and  said  the  adoption  of  reinforced  concrete  work  depended  upon  two 
factors,  first  its  cost,  and  second  its  safety,  and  we  should  seek  a  reasonable  compromise 
between  these  two  divergent  ideals — i.e.,  we  wanted  the  greatest  stability  with  the  least  cost. 

The  British  specialists  had  recommended  that  in  all  important  cases  the  bending  moments 
under  all  possible  conditions  of  loading  should  be  accurately  determined,  and  the  beams 
designed  at  each  point  in  their  length  to  resist  the  maximum  bending  moment  which  may  occur 
at  such  point,  but  for  small  ordinary  floors  a  sufficiently  accurate  result  would  be  obtained  by 

using  a  bending   moment   of      -  ,   both   over   the   support   and    in   the   centre  of   the   span,    for 

continuous  beams. 

The  Second  Report  of  the  Joint  Committee  of  the  Royal  Institute  of  British  Architects 
recommended  that  the  bending  moments  should  be  calculated  on  ordinary  statical  principles, 
and  the  beams  or  slabs  designed  and  reinforced  to  resist  these  moments.  Where  the  maximum 
bending  moments  in  beams  or  floor  slabs  continuous  over  three  or  more  equal  spans,  and  under 
uniformly  distributed   loads,   were  not  determined  by  exact  calculation,   the  bending  moments 

should   not  be   taken   less   than    — —      at   the   centre   of   the   span  and    — --    at  the  intermediate 

12  ^** 

supports. 

Regarding  steelwork,  where  there  is  admittedly  a  greater  degree  of  continuity,  in  general 
It  may  be  said  that  the  bending  moments  at  the  supports  next  the  end  are  always  greatest,  and 

\VL  WL 

are  there  about  -rp;     and  near  the  centre  supports  they  are  nearly  uniform  at  about  ^r^  • 

Since  the  draft  regulations  were  written,  we  have  from  America,  the  land  of  up-to- 
dateness,  two  further  reports,  or  codes,  and  they  both  fully  support  the  draft  regulations  in 
respect  of  the  bending  moments.  The  Joint  Committee  representing  the  American  Society  of 
Civil    ICngineers,    and    the    principal    scientific    institutions    over    there    recommend    '"  That    for 

WL 
beams  the  bending  moment  at  centre  and  at  support  for  interior  spans  should  be  taken  at     -- 

for  both  dead  and  live  loads."  Then  again,  it  goes  on  to  say,  "  For  spans  of  unusual 
length,  more  exact  calculations  should  be  made.  Special  consideration  is  also  required  in  the 
case  of  concentrated  loads.  Even  if  the  centre  of  the  span  is  designed  for  a  greater  bending 
moment  than  is  called  for  by  the  previous  paragraph,  the  negative  moment  at  the  support 
should  not  be  taken  at  less  than  the  values  there  given."  Furthermore,  it  is  stated  that  "  In 
the  design  of  T-beams  acting  as  continuous  beams  due  consideration  should  be  given  to  the 
compressive  stresses  at  the  support." 

The  New  York  Code,  which  came  into  force  this  year,  states  that  ''  The  bending  moments 
at   centre   and   support   for  beams  or   girders   continuous   over  two   or   more   supports   shall   be 

WL 
taken  at    ^o"'  '      '^^^  Regulations  of  the  Royal  Prussian  Ministry  say  that   "If  conditions  at 

support  produce  restraint  and  continuity  of  slabs  and  beams,  the  bending  moments  which 
appear  at  those  points  must  have  reinforcement  placed  near  the  upper  stressed  surface  in 
proportion  to  the  bearing  area." 

"  If  a  continuous  beam  or  slab  cannot  be  computed,  or,  in  regard  to  the  latter,  if  no  restraint 
is   certain   at   a  beam   or   wall,   then,   with   equal   panels   and   uniformly   distributed   load,   the 

WL  WL. 

mornent   is   not   to  be   taken    less   than    -^    over    the   supports   or   than    — '      at   the   centre   of 

panels." 

It  has  been  said  that  the  draft  regulations  under  discussion  would  prohibit  the  use  of 
reinforced  concrete  ;  that  it  would  kill  the  trade.  In  reply,  he  asked  whether  the  reinforced 
concrete  trade  was  dead   in  Germany?     Was  it  dead  throughout  the   United   States? 

With  regard  to  the  breadth  of  T-beams,  we  are  also  told  that  the  regulations  will 
militate  against  the  use  of  reinforced  concrete,  but  that  does  not  seem  probable  when  we 
bear  in  mind  that  the  particular  regulation  referred  to  was  suggested  by  the  Committee  of 
Specialists  themselves.  They  unanimously  and  on  their  own  initiative  recommended  that  the 
width  of  the  area  under  compression  in  T-beams  should  not  be  greater  than  fifteen  times  the 
thickness  of  the  slab  or  flange. 
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The  New  York  Code,  re%ised  this  year,  states  that  the  breadth  i)f  the  compression  flange 
of  the  T-beam  should  not  exceed  twelve  times  the  thickness  of  the  slab  plus  the  breadth  of  the 
rib.  Therefore  it  would  appear  that  the  regulation  under  discussion  of  fifteen  times  the  thick- 
ness, as  recommended  by  the  specialists  themselves,  is  apparently  good  practice,  and  also  more 
or  less  accords  with  international  practice. 

Take  the  ratio  of  the  breadth  of  the  flange  to  the  span  of  the  beam,  the  regulations  of  the 
Royal  Prussian  Ministry  say  you  shall  only  take  one-sixth  of  the  span  as  the  breadth  of  the 
rib.  The  New  York  Revised  Code  gives  the  same  figure.  The  American  Joint  Committee  are 
a  little  more  lenient,  they  say  you  may  take  one-fourth  of  the  span. 

The  L.C.C.  Regulations  allow  twice  the  width  of  the  Prussian,  twice  the  width  of  the  New 
York,  and  permit  a  breadth  of  one-third  of  the  span.  The  complaints  seemed  to  arise 
irrespective  of  the  weight  of  evidence. 

Mr.  B^bar.  —  He  was  of  opinion  that  regulations  framed  for  the  purpose  of  becoming 
otticial  and  legal  should  not  impose  formulae,  but  only  principles,  enabling  formulae  to  be 
established,  or,  in  any  case,  if  formulae  are  given,  he  was  of  opinion  that  these  should  be 
given  as  examples  of  what  would  be  required,  but  that  these  particular  formulae  alone  should 
not  actually  be  imposed. 

Mr.  Etcbells.  —  If  principles  only  were  given,  very  few  architects,  surveyors,  magistrates, 
or  builders  would  be  able  to  truly  afiSrm  whether  the  statical  requirements  of  the  regulations 
had  been  complied  with.  Basic  principles  might  please  the  professor  of  engineering,  but  would 
the\'  help  the  busy  builder  who  had  to  put  up  buildings  in  a  hurry? 

Mr.  Behar.  —  He  was  of  opinion  that  an  engineer  or  architect  who  might  be  called  upon  to 
apply  Regulations  concerning  reinforced  concrete  should  have  a  sufficient  knowledge  of  the 
laws  of  mechanics  to  be  able  to  deal  with  the  various  problems  which  he  may  have  to  study, 
and  to  oblige  him  to  follow  certain  formulae  would  practically  imply  that  he  was  incapable  ot 
€xercising  proper  control  of  any  scheme  or  problem  in  reinforced  concrete  which  he  might  have- 
to  consider. 

Mr.  Etcbells  held  that  such  a  conclusion  was  unjustified.  The  architects  and  engineers 
were  consulted  before  any  regulations  were  sent  forward  to  the  allowing  authority.  Then, 
since  the  architects  and  engineers  were  consulted  before  the  regulations  were  made,  such 
consultation  efl"ectively  admits  their  competency,  not  only  to  carry  out  the  works,  but  to 
criticise  the  draft  and  to  participate  in  the  work  of  law-making. 

He  maintained  also  that  it  would  be  easier  to  see  whether  a  particular  design  complied 
with  certain  stresses,  than  it  would  be  for  the  Building  Authority,  or  any  officers  of  the 
Building  Authority,  to  discriminate  as  to  who  were  competent  and  who  were  not.  That  would 
be  a  very  arduous  task,  and  a  very  difficult  task,  and  one  open  to  very  grave  abuses,  and  it  is 
much  easier  to  judge  a  plan  than  to  judge  a  man. 

The  Lecturer  Replies. 

Mr.   S/ftar— Professor  Adams  had   stated   that   the   moment   at   the   point  of   support   in   the 

WL 
case  of   continuous  beams   was   not   always   greater   than  —  ^-in  ■      This   assertion   was   correct, 

but  what  he  (the  lecturerl  had  endeavoured  to  point  out  was  that  in  reinforced  concrete,  by  reason 
of  the  assumptions  which  had  to  be  madt,  to  apply  the  formulae  of  continuity,  we  must  apply 
at  all  the  points  of  suppoit  the  greatest  bending  moment  which  we  have  found   for  one  of  the 

WL 

supports,  and  this  moment  is  always  greater  than  —      . 

In  order  to  throw  more  light  on  this  subject,  let  us  consider  a  reinforced  concrete  floor  in 
which  we  have  to  study  a  series  of  twelve  continuous  beams.  He  supposed  Professor  Adams 
would  agree  that  it  would  not  be  wise  to  apply  the  continuity  to  the  twelve  spans,  but  would 
require  the  latter  to  be  divided  into  a  certain  number  of  sections,  for  instance,  three  sections 
of  four  spans  each,  the  continuity  being  applied  only  to  each  of  these  particular  sections. 
We  have  therefore  a  section  of  three  beams  resting  on  five  points  of  support. 

In  order  that  we  may  be  able  to  apply  the  theorem  of  Clapeyron,  we  must  assume  that 
the  points  of  support  i  and  5  are  equal  to  o,  and  if  we  are  dealing  with  equal  spans  and  equal 
loads  we  shall  have,  for  the  other  supports,  moments  equal  to  : 

3  WL 

2  WL 

Un  thirteen  points  of  support  we  have,  by  assumption,  the  following  : 
Supports  1,  5,  9  Moments  =  0 

3 
Supports  2,  4,  6,  8,  10,  12  Moments  of  -;i^WL 

2 
Supports  3,  7,  11  Moments  of  -jo"^-^ 
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Uwing  to  the  peculiar  nature  ol  reiniOrced  concrete  constructions  in  which  the  supports 
of  the  beams  are  constituted  by  other  beams  or  posts  in  the  same  material,  it  was  obvious  that 
the  tree  supports  did  not  exist,  and  he  presumed  Professor  Adams  would  not  consider  the 
points  of  support  i,  5  and  g  without  reinforcement  to  resist  negative  bending  moments,  the 
value  of  which,  however,  is  in  reality  unknown.  Moreover  we  may  take  as  the  starting  point 
of  a  section  of  four  spans  any  particular  point  of  support,  so  tj;at  we  would  find  ourselves 
obliged,  by  measure  of  precaution,  to  assume  that  the  greatest  moment  found  for  one  of  the 
supports  should  be  applied  to  all  the  supports. 

If  the  total  length  of  the  twelve  spans  had  been  divided  up  into  groups  of  three  beams  the 

VV'L 
greatest  moments  on  the  supports  would  have  been— — -    •     Therefore  he  was  right   in  saying 

thai    in   continuous   beams    it   was   necessarv    to   provide,    at    the   points   of   support,    a   moment 

WL 
greater  than         -  • 
12 
Professor  Adams  is  of  opinion  that  in  the  principal  beams  the  compression  of  the  slab 
must  not  be  taken  into  consideration,   for  the  reasons  which  he  had  given.     Mr.   Vawdrey  had 
answered   upon  this  point.      He  would  take  the  opportunity,   however,   of  the  question  raised 
by  Professor  Adams,  to  explain  more  clearly  his  method  of  reasoning  concerning  this  matter. 
Concerning  pages   Xos.  6  and  7  of  his  paper,  which  had  appeared  rather  obscure  to  some  of 
the  members  of  the  audience,  amongst  others  to  Mr.  Etchells,  who  is  fathering  the  Rules  which 

are  at  present  under  discussion,  let  us  consider  a 
slab  supported  by  secondary  beams  in  reinforced 
concrete  {Fig.  1),  and  let  us  examine  a  square  portion 
of  this  slab  having  i  sq.  in.  in  section,  of  which  the 
centre  is  situated  at  the  point  of  intersection  of  the 
two  axes  passing  at  the  middle  of  the  span  of 
the  slab  and  at  the  middle  of  the  span  of  the 
beam.  The  upper  face  of  the  element  A  under  con- 
sideration will  be  submitted  to  an  effort  of  com- 
pression F,  owing  to  the  flexion  of  the  slab.  This 
effort  of  compression  will  be  normal  to  the  direction 
of  the  secondary  beams,  and  owing  to  the  flexion  of 
the  secondary  beams  the  element  A  will  also  be  sub- 
jected to  an  eff^ort  of  compression  directed  in  a 
]jarallel  direction  to  the  secondary  beams.  Therefore 
the  resultant  force  R  of  these  two  forces  F  and  F' 
might  be  greater  than  600  lb.  per  sq.  in.,  inasmuch 
as  the  force  F  is  already  itself  almost  equal  to 
600  lb.,  if  we  assume  that  the  slab  is  free  to  bend 
on  the  entire  span  between  the  secondary  beams 
without  being  influenced  in  any  way  by  the  flexion  of 
a  portion  of  this  slab  working  with  the  secondary 
beams,  which,  in  fact,  would  be  exaggerated. 

IvCt  us  now  examine  the  compression  of  the  slab 

when   the  principal  beam  comes  into  play    (Fig.   2). 

Let  us   consider   an   element   B,   having   i    sq.    in.   in 

section  and  situated  on  the  upper  face  of  the  slab,  at 

the  middle  of  the  siian  of  tlie  secondary  beam,  which  is  nearest  to  the  middle  of  the  principal 

beam. 

This  element  B  receives  a  compression  F  coming  from  the  flexion  of  the  secondar\-  beam, 
and  directed  normally  to  the  main  beam.  This  element  is  not  influenced  in  any  way  by  the 
slab,  because  in  reality  the  entire  area  B  is  deflected  with  the  beam.  From  the  upper  beam 
the  element  receives  a  compression  F',  acting  in  a  parallel  direction  to  the  principal  beam. 
The  resultant  R  of  the  two  forces  F  and  F'  will  be  generally  less  than  600  lb.  per  sq.  in., 
because  the  forces  F  and  F'  will  be  usually  much  less  than  600  lb.  per  sq.  in.  if  the  whole  of 
the  width  i  of  the  secondary  beam  and  1/    Of  the  main  beam  are  taken  in  consideration. 

He  concluded  by  what  precedes  that  for  the  principal  beams  the  regulations  should  be 
less  stringent  in  the  determination  of  the  width  b  to  be  taken  into  account  in  the  calculations. 
Mr.  Vawdrey  held  the  same  opinion  as  Professor  Adams  in  saying  that  the  formulae  of  the 
regulations  should  not  be  imposed,  but  should  simply  be  set  forth  as  a  guide.  He  was 
entirely  of  their  opinion  on  this  point. 

Mr.  Vawdrey  also  stated  that  he  did  not  see  why  continuity'  should  not  be  applied  to 
reinforced  concrete.  He  (Mr.  Behar)  did  not  say  that  the  method  of  continuity  should  not  be 
applied.     He  had  simply  drawn  their  attention  to  the   fact  that  in  his  opinion  the  method  of 
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continuity  was  further  from  the  reality  in  reinforced  concrete  than  in  steel  construction,  unless 
we  assume  at  all  the  points  of  support  the  greatest  bending  moment  found  for  one  of  these 
points.  Continuity  finds  a  better  application  in  bridge  work,  especially  when  the  points  of 
support  of  the  beams  are  constituted  by  a  series  of  piers,  the  ends  of  the  bridge  being  supported 
by  masonry  abutments. 

We  must  not  lose  sight  of  the  fact  that  the  theorum  of  Clapeyron  is  based  on  three  fumla- 
mental  assumptions  :  — 

(a)  That  the  moment  of  inertia  of  any  section  of  the  beams  is  constant. 

(b)  That  all  the  points  of  support   are  on  the  same  level. 

(c)  That  the  points  of  support  are  simply  represented  by   lines,   or,   in  other  words,  a 

sharp  edge  at  each  point  of  support. 

The  first  of  these  conditions  is  never  ensured  in  reinforced  concrete  beams. 

Concerning  the   third  of   these  conditions,   although  this  might  be  assumed    for  secondary 

beams   resting   upon   principal   beams,   he    failed   to  see   how   this   could  be   attained   when   the 

beams  are  supported  by  pillars,  the  scantlings  of  which  in  certain  cases  reach  24  in.,  especially 

when   these   posts   are  supporting   other   posts   above   transmitting   heavy   loads.     In   such   cases 

WL  ■  WL 

we    would    have    a    perfect    fixation,    and  -  —    at    the    support    could    be    imposed    with      ^^ 

in  the  middle  of  the  beam — that  is,  if  we  wish  to  be  in  perfect  accordance  with  the  laws  of 
mechanics.  He  was  not  of  opinion,  however,  that  this  should  be  done,  as  this  would  lead 
them  to  have  an  insufficient  amount  of  steel  in  the  middle  of  the  beam,  which  would  cause 
the  latter  to  be  weak,  if  by  any  chance  the  amount  of  fixture  at  the  points  of  support  had 
been  over-estimated. 

Concerning  the  assumption  (b)  he  would  simply  say  that  it  might  happen  that  in  floors 
supported  by  a  certain  number  of  pillars  some  of  the  latter  may  sink  more  than  others,  owing 
to  defective  foundations,  and  if  this  were  to  happen  it  is  possible  that  the  span  of  one  of  the 
beams  instead  of  being  i  might  become  2x1,  owing  to  the  sinking  of  one  of  the  intermediate 
supports.  Unequal  sinking  of  any  pillar  is,  however,  less  likely  to  happen  in  reinforced 
concrete  than  in  any  other  material,  owing  to  the  monolithic  nature  of  the  construction. 

He  would  deal  with  Mr.  Vawdrey's  argument  against  the  points  of  support  with  a  moment 

WL 

of — -     at  the  same  time  as  he  answered  Mr.  Etchells  on  this  point.     Concernmg  the  gussets 

40 

in  the  beams,  Mr.  Vawdrey  was  unwilling  to  assume  that  these  should  be  considered  as  canti- 
levers, but  simply  as  an  increased  height  of  the  beam  at  the  points  of  support.  He  (the 
lecturer)  held  the  opinion,  on  the  contrary,  that  if  the  gussets  were  properly  reinforced  we  may 
treat  these  as  cantilevers  without  endangering  the  construction,  and  this  had  the  advantage  of 
bringing  about  an  economy  in  the  construction. 

^r        o     ■   1  ,  ,      ,  t.  r         I'-'-L      A  WL  WL 

In    reph'    to    Mr.    .Sternberg,    who    stated    that    the    moments    of    — -r-  and   _   -  or  —  — -— 

40  10  /4 

and        ^       are    only    guesses — namely,    that    we    assumed    one   or    the    other    at    the   supports    or 

at  the  middle  of  the  beam,  and  that  the  other  corresponding  moment  was  determined  by 
calculation.  These,  however,  were  not  guesses,  but  assumptions,  which  were  made  in  the  same 
manner  as  those  which  would  have  to  be  made  in  calculating  continuous  beams  when  these 
were  assumed,  in  order  to  apply  the  theorem  of  Clapeyron,  the  various  hypotheses  which  he 
had   mentioned   in  his  answers  to  Professor  Adams  and  to  Mr.  Vawdrey. 

Regarding  compression  at  the  points  of  support  Mr.  Steinberg  said  that  all  we  had  to  do 
was  to  increase  the  width  and  height  of  a  beam  or  secondary  beam  at  the  point  of  support,  in 
order  to  take  up  the  compressive  resistance  at  these  points.  He  probably  forgets  that  floors 
in  reinforced  concrete  depend  upon  the  requirements  of  architects  more  than  upon  the  engineer 
designing  the  scheme.  \'er3'  often  the  height  and  width  of  the  beams  have  been  fixed  to  satisfy 
other  conditions  which  have  nothing  to  do  with  the  calculations.  What  would  he  do  in  this 
case  to  resist  high  compressions,  with  a  stress  of  steel  limited  to  6,000  lb.,  or  even  to  4,000  lb. 
only  per  sq.  in.  , 

It  is  necessary  that,  although  we  may  adopt  means  to  increase  the  security  of  the 
construction,  the  economical  side  of  the  question  should  not  altogether  be  overlooked,  and  it 
would  appear  to  him  that  Mr.  Etchells,  who,  he  understood,  was  the  compiler  of  the  proposed 
Regulations,  is  inclined  to  neglect  this  side  of  the  question  on  the  plea  that  this  does  not 
concern  him. 

He  understood,  and  he  took  it  that  this  is  not  far  from  the  truth,  that  Mr.  Etchells  in 
order  to  elaborate  the  proposed  Regulations  of  the  London  Coimty  Council  had  gone  through 
all  the  former  regulations,  both  English  and  foreign,  and  that  he  had  taken  in  these  all  the 
most  severe  conditions,   which,   by   the   way.   have  also  been  criticised   in   other   countries,   and 
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that  he  had  introduced  the  hatter  in  the  proposed  Regulations  which  we  are  now  discussinf^. 
He  must,  however,  state  in  all  fairness  to  Mr.  Etchells  that  when  he  has  found  the  require- 
ments of  the  foreign  regulations  were  really  too  stringent  he  has  rendered  them  somewhat 
less  stringent  in  favour  of  reinforced  concrete.  For  instance,  we  are  authorised  to  assume 
17,000  lb.  in  tension  for  the  steel  and  «=is,  whereas  other  countries  authorise  much  less. 

In    certain    cases,    however,    the    advantages    offered    are    only    apparent.        For    instance, 
Mr.  Etchells  had  told  them  in  the  discussion  of  the  paper  that  the  rules  of  the  L.C.C.  specify 

—  at  the  supports,  whereas  the  Prussian  regulations  stipulate  — 
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He  would  like  to  know  how  those  engineers  who  have  to  apply  these  regulations  overcome 
the  difficulty  of  the  compression  of  the  points  of  support  which  he  had  mentioned  above. 
Mr.  Etchells,  however,  had  forgotten  to  tell  us  that  these  same  Prussian  regulations  authorise 
a  working  stress  of  the  concrete  in  tension,  and  attribute  to  the  latter  a  stress  equal  to  two- 
thirds  of  the  crushing  stress  of  the  concrete  in  tension,  and  as  they  assume  that  the  resistance 
to  crushing  in  tension  is  equal  to  228  lb.  per  sq.  in.,  the  application  of  these  rules  would  lead 
us  to  have  a  width  d  of  the  slab  working  in  tension,  at  the  same  time  as  the  beams  at  the  points 
of  support,  at  an  average  stress  of  120  to  140  lb.  per  sq.  in.  On  this  account  the  bars  in  tension 
at  the  points  of  support  would  represent  a  section  of  steel,  certainly  much  less  than  the  section 

WL 
which  we  obtain  by  the  application  of  the   formula  —  -^-   of  the  proposed  Regulations  of  the 

London  County  Council. 

Concerning  the  compression  at  the  points  of  support,  we  do  not  know  whether  the  Prussia' 
regulations  stipulate  that  the  section  of  steel  should  be  calculated  by  applying  to  the  latter 
15  times  the  working  stress  of  the  concrete  applied  to  the  centre  of  gravity  of  the  bars,  whereas 
the  proposed  Regulations  of  the  L.C.C.  actually  adopt  this  view. 

To  conclude  his  answer  to  Mr.  Etchells'  remarks,  the  aim  of  his  paper  had  not  been  to 
try  to  urge  that  certain  methods  of  calculating  a  moment  for  a  beam  in  reinforced  concrete 
should  be  adopted  in  preference  to  any  other  method,  but  to  show  that  a  greater  safety  could 

WL 
be  obtained  by  providing   at  the  midde  of  a  beam  a  bending  moment  higher  than  ^— -,    or  at 

least  equal  to  this  value,  and  to  show  if  the  method  of  calculating  beams  as  continuous  may  be 
sometimes  dangerous.      It  is  precisely  because  bj-  this  method  one  is  led  to  provide  in  certain 

WL 
cases  at  the  middle  bending  moments  which  are  smaller  than    -^' ^  whereas   at   the  points  of 

WL 
support,   if  the  designer  of   a   scheme  provides   reverse  bending  moments   less  than  — —  ,     the 

danger  is  not  so  great  on  account  of  the  table  d  of  the  slab,  which  is  working  in  tension  at  the 

same  time  as  the  beam.     In  fact,  to  a  certain  extent  this  view  was  confirmed  by  Mr.   Etchells 

himself,   since  he  would   have   no  hesitation  in   considering   a  beam   in   reinforced   concrete   as 

being  free  upon  its  supports,  even  if  it  were  resting  upon  another  beam  or  a  pillar,  on  condition 

WL 
that  the  bending  moment  at  the  middle  should  be  taken  equal  to       ,5—.  but  it  is  to  be  noticed 

o 

that,  for  greater  safety,  he  advises  in  this  case  to  provide  at  the  points  of  support  a  few  small 

bars  in  the  upper  portion  of  the  beam. 

It  appeared   to  him  that  if   Mr.   Etchells   were   willing  to   accept   that   method   he   did   not 

differ  very  much  in  opinion  fiom  those  who  thought  that  the  safety  of  a  beam  was  not  impaired 

WL    .  WL 

by  adopting    -r^-    in  the  middle  and  —  -ttt- at  the  supports,   or  anv  other  similar  assumption, 
ICJ  40 

on   condition,  of   course,    that   as   far   as   the   middle  of   the   beam   was   concerned   they   always 

WL 
remain  above   ^p^  ■ 

He  regretted  that  owing  to  the  length  of  the  debate  it  had  not  been  possible   for   him  to 
reply   individually  to  each  of  the  remarks  of  the  other  members. 
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AT    HOME  AND  ABROAD. 

Under  this  heading  reliable  information  ivill  be  presented  of  ne-u)  -works  in  course  of 
construction  or  completed,  and  the  examples  selected  ivill  be  from  all  parts  of  the  -world. 
It  is  not  the  intention  to  describe  these  -works  in  detail,  bat  rather  to  indicate  their  existence 
and  illustrate  their  vrimary  features,  at  the  most  explaining  the  idea  -which  served  as  a  basis 
for  the  design. — ED.  

REINFORCED    CONCRETE    BRIDGE    IN    COLOMBO.   CEYLON. 

We  have  given  examples  from  lime  tu  time  of  different  applications  of  reinforced 
concrete  in  India,  China,  and  Japan,  and  we  now  have  pleasure  in  showing  an  illus- 
tration below  of  a  bridge  which  has  recently  been  constructed  in  that  material  for  the 
Municipal  Council  of  Colombo. 

It  is  the  first  bridge  of  its  kind  to  be  erected  in  Ceylon,  and  was  constructed 
entirely  with  coolie  labour.  The  bridge  spans  the  old  Dutch  canal,  along  which  boats 
carry  rice,  tea,  rubber,  etc.,  from  the  low  country  estates  to  the  Port  of  Colombo, 
where  the  produce  is  landed  to  the  ships  bound  to  all  parts  of  the  world. 


View  of  finished  Bridge. 
Reinforced  Concrete   Bridge  in  Colombo,  Celvon. 


The  bridge,  which  is  constructed  on  the  Kahn  system,  with  stone  masonrv  walls, 
is  loo  ft.  wide  and  25  ft.  in  span.  The  cost  was  Rs.  70,000,  or  Rs.  28  (37s.)  per  sq. 
foot  of  waterway  width.  It  was  designed  by  Mr.  Robert  Skelton,  A.M.Inst.C.E., 
Municipal  Engineer  of  Colombo.  The  above  particulars  were  sent  us  bv  Mr.  Clive  H. 
Rilmister,  Chief  Assistant  Works  Engineer,  Colombo  Municipalitv. 

REINFORCED   CONCRETE   POLES   FOR  THE  GREAT  CENTRAL   RAILWAY 

.CO.    AT    IMMINGHAM. 

The  reinforced  concrete  poles,  numbering  over  300,  which  have  been  supplied  to 
the  Great  Central  Railway  Company  at  Immingham  by  Messrs.  Siegwart,  Ltd.,  of 
v.axton  House,  London,  S.W.,  are  30  ft.  long.  They  are  buried  to  a  depth  of  6  ft., 
and  rest  on  a  concrete  "  biscuit  "  9  in.  thick.  Attached  above  is  the  lamp  frame,  with 
an  iron  ladder  for  access  and  attention  to  the  light. 

The  earth  wire  for  earthing  the  cradle  of  the  lamp  passes  through  the  centre  of 
each  column. 

The  columns  are  considerably  cheaper  in  initial  cost  than  iron  or  steel  poles,  while 
no  painting  or  other  expenditure  in  maintenance  is  necessary;  moreover,  although  they 
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stand  in  most  exijcj.^ed  situa- 
tions, no  rust  or  deterioration 
can  take  place.  Indeed,  it  is 
claimed  in  the  light  of  experi- 
rience  that,  as  concrete  im- 
proves with  age,  the  columns 
will  be  better  and  stronger  at 
the  end  of  fifty  years  than  when 
first  fixed. 

The  external  diameter  of 
the  poles  at  the  top  is  7^  in. 
and  at  the  bottom  13!  in.  They 
have  been  designed  for  a  work- 
ing wire-pull  of  300  lb.  2  ft. 
from  the  top  and  at  right  angles 
to  the  poles,  in  addition  to  the 
wind  pressure  on  the  pole 
itself. 

For  connecting  the  lamp  in 
series,  lead-covered  cables  laid 
on  the  solid  system  are  em- 
plo^-ed. 

Lamp  centres  are  25  ft. 
above  ground  level,  and  the 
cradles  are  attached  by  means 
of  sockets  grouted  on  the  ends 
of  the  columns,  as  also  bv  side 
brackets. 


REINFORCED  CONCRETE 
LIQUIFYING  AND  STORM 
TANKS,  MINSTER  =  IN  = 
SHEPPEY  SEWAGE  DIS- 
POSAL   WORKS. 

The  design  of  the  sewage 
disposal  works  for  the  district 
of  Minster- in  -  Sheppe)^  has 
called  for  unusual  considera- 
tion. The}'  have  been  placed 
upon  extensive  flats,  lying 
below  high-water  level  of  ordi- 
nary tides ;  and,  in  order  that 
the  final  effluent  might  gravi- 
tate from  the  filter  beds  to  one 
of  the  main  watercourses,  the 
whole  of  the  works  had  neces- 
sarily to  be  constructed  above 
the  ground  surface. 

The  formation  upon  which 
the  works  have  been  erected 
being  alluvium,  it  was  consi- 
dered advisable  to  reduce  the 
weight  so  far  as  circumstances 
permitted ;  but  the  district 
being  liable  to  floods  the  ques- 
tion of  flotafion  of  the  tanks 
(when  empty)  had  to  be  con- 
sidered. In  order  to  avoid  verti- 
cal dislocation  of  them  during 
the    greatest    known    depth    of 


Reinforced  Concrete  Poles  for  the  Great  Central 

RaII  WAY    Co.    AT    ImMINGHAM. 
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REINFORCED  CONCRETE   TANKS. 


water,  it  was   found  necessary  to  increase   the  mass  beyond  that  actually  recjuired  in 

resistance  to  internal  static  pressure. 

The  sewage  is  brought  from  the  district  to  the  works  by  an  inverted  syphon,  the 

outlet  bell-mouth  of  which  enters  an  intake  chamber  through  a  cast-iron  sleeve  form- 
ing an  annular  clear  space. 
By  this  means  the  whole 
structure  may  rise  and 
fall  over  the  maximum 
ascertained  limit  without 
causing  fracture  of  the 
syphon  at  or  near  the 
point  of  connection. 

The  tanks  are  roofed 
in,  the  roof  forming  the 
floor  of  a  reciprocating 
storage  tank,  provided  for 
the  purpose  of  balancing 
the  periodical  discharges 
from  two  pumping  stations 
controlling  the  low-level 
areas  of  the  district 
drained. 

The  concrete  through- 
out is  composed  of  three 
and  a  half  parts  of  gravel, 
one  and  a  half  parts 
of  sand,  and  one  part  of 
Portland  cement,  and  the 
walls  and  roof  are  rein- 
forced bv  Expanded  Steel, 
3  in.  mesh. 

For  the  purpose  of 
stiffening  the  structure 
externally,  count  erforts 
were  constructed,  but  in 
the  calculations  of  flexure 
of  the  walls  their  support 
was  disregarded.  The  walls 
being  tied  in  at  the  founda- 
tions and  roof  they  were 
considered  in  the  calcula- 
tions as  vertical  girders 
under  an  unequally  distri- 
buted load  throughout  the 
water   depth. 

Expanded  Steel  was 
built  in  at  the  water  face 
as  well  as  on  the  external 
face ;  and  whilst  the  latter 
only  is  under  tensile  stress 
the  former  was  inserted 
for  the  resistance  of 
thermal  stresses  when  the 
tanks  are  temporarily 
empty.  The  steets  of  Ex- 
panded  Steel    were   lapped 

to  the  extent  of  two  meshes,  the  concrete  taking  up  the  stress  in  shear  over  the  laps. 

The  engineer  for  this  work  was  Mr.  F.  W.  S.  Stanton,  A.M.Inst.C.E.,  who  designed 

the  tanks. 
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Enlarged  Cross-sectional  Details  of  Tanks. 

Reinforced  Concrete  Liquifying  and  Storm  Tanks,   Minster- 

in-Sheppey  Sewage  Disposal  Works. 
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CONCRETE    BLOCK    BOUNDARY    WALLS    AND     ENTRANCE    GATES    TO 
NEW    CEMETERY,    HARTLEPOOL. 

The  accompanying^  illustrations  show   llu'  t>uundat-y  walls,  with   main  entrance  j^ates, 
to  the  new^  cemeterv  for  the   nartle])ool  (,\)r[)orati()n. 

With   the   excei)tion   of   the  pier  caps,    the  whole   of   the   walls   and   piers,   plinth, 
copinii,  panelled  bU)cks,  and  buttresses  were  erected  with  concrete  blocks  made  on  the 


Concrete  Block  Boundary  Walls  and  Entrance  Gates  to  the  .\ 


\itTERV,  Hartlepool. 


machine    supplied    by     tlie    (U.K.)    "  Winget  "    Concrete     Machine    Comp.-,ny,     Ltd.. 
''"The'to'ai'Tengih  of  the  walls  is  4,000  ft.,  and  the  blocks  were  made  by  unskilled 

'■•"ThfaTchiSfw'as  Mr.  H.  C.  Crummack,  .-^.^LIns..C.E.,  Engineer  and  Surveyor 

to  the  Hartlepool  Corporation. 
548 


f  J^  CONSTBUCTIONAL' 
jt^  ENGlSlEEJilNG  ^. 


CONCRETE  IN  THE  MISSISSIPPI  RIVER. 


CONCRETE    IN    THE    CONSTRUCTION    OF    THE   MISSISSIPPI   RIVER'S    GREAT 
HYDRO     ELECTRIC   PLANT    AT    KEOKUK. 

The  great  concrete  dam  across  tlie  Mississiijpi  at  Keokuk,  Iowa,  which  is  being'  built 
in  connection  with  the  Mississippi  River-power  development,  is  now  nearing  com- 
pletion. This  power  plant  is  designed  to  develop  the  greatest  amount  of  hydro-electric 
power  in  any  single  station  in  the  world.  Practicallv  the  whole  course  of  the  river 
will  be  turned  into  electric  current,  producing  200,000  horse-power. 

The  project  involved  the  construction  of  a  solid  concrete  dam  across  the  river,  a 
power-house,  and  a  new  lock  and  dry  dock.  All  these  works  were  carried  out 
simultaneously  and  with  the  greatest  degree  of  organisation  and  extraordinary 
rapidity. 

The  dam,  including  abutments,  is  4,560  ft.  long,  or  seven-eighths  of  a  mile.  The 
spillway  section  is  427  ft.   in   length,  and  the  height  is  32  ft.  above  the  river  bed,   and 


Power  House  in  course  of  construction. 
Concrete  in  the  Construction  of  the  Mississippi  Hydro  Electric  Plant. 


its  base  42  ft.  wide.  On  toj:)  of  the  spillway  are  placed  119  steel  flood  gates,  30  ft. 
wide  and  11  ft.  high,  supported  by  concrete  piers.  These  piers  are  6  ft.  thick,  and 
are  built  integral  with  the  dam.  The  piers  also  support  an  arched  bridge,  from  which 
the  gates  are  operated  by  electric  hoists.  By  manipulating  these  gates  the  water  above 
the  dam  is  maintained  at  a  nearly  constant  level  at  all  seasons. 

The  dam  is  built  entirely  of  mass  concrete  without  reinforcement  of  any  kind,  and 
is  locked  firmly  into  the  rock  bed  of  the  river,  it  being  practically  a  monolith. 

The  hydro-electric  power-house  is  1,400  ft.  long  and  123  ft.  wide,  the  substructure 
being  built  of  mass  concrete,  in  which  is  moulded  the  water  passages  and  water-wheel 
chambers.     On  top  of  this  is  built  the  superstructure — a  house  of  concrete,  brick,  and 
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steel.  'J'lic  sLij)('i-.-.trLH-turc  contains  tin-  clcclric  i^cncrators,  tran.sfi)rnuT>  ;uul  switch- 
board, the  hcij^ht  of  the  power-boiise  from  foundation  to  roof  bein<>  133  ft.  In  all, 
there  are  thirty  power-i^'eneratinj^  units  provided  for,  each  unit  consistinj^  of  a 
vertical  steel  shaft,  on  the  lower  part  of  which  are  two  turbines  or  water-wheels  and 
on    the    upper  part   the  revolving  parts  of  the  generators. 

In  order  to  keep  floating  ice  and  logs  from  entering  the  power-house  an  ice  fender 
has  been  provided  with  the  shore,  2,800  ft.  long,  built  of  concrete  masonrv.  To  the 
eye  it  appears  as  a  solid  wall  fencing  off  the  power-house  from  the  rixcr;  there  are 
large  arched  openings  below  the  water-level  through  which  the  water  will  lind  its  wav 
to  the  power-house. 


Great  crane  at  work  tor  distributing  concrete. 

CoNCRKTE   IN    THE    CONSTRUCTION   OF    THE    MISSISSIPPI      HvDRO    ELECTRIC    PLANT. 


It  is  claimed  that  no  part  of  the  entire  construction  is  founded  upon  artificial 
foundations,  as  solid  blue  undisturbed  limestone  rock  is  evervwhere  available.  There 
is  required  in  the  construction  approximately  550,000  cubic  vards  of  masonrv,  650,000 
barrels  of  Portland  cement,  and  7,000  tons  of  steel. 

The  concrete-mixing  plant  for  the  main  dam  is  a  most  complete  installation.  The 
upper  part  of  this  structure  is  a  large  wooden  bin  containing  sand  and  stone.  The 
lower  part  is  a  series  of  concrete  arches.  Under  these  arches  are  the  projecting  ends 
of  the  concrete-mixing  machines.  The  sand  and  stone  are  fed  down  through  openings 
in  the  bottom  of  the  bins  into  the  mixers,  where  water  and  cement  are  added,  and  all 
materials  are  thoroughly  mixed  in  the  revolving  drums,  which  discharge  their  contents 
after  mixing  into  large  steel  buckets  resting  on  cars  which  run  on  the  track  shown  in 
the  illustration  on  this  pasre.  The  concrete  is  then  hauled  out  to  the  point  of  use  on 
the  dam  b\"  means  of  small  locomotives. 
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It  is  pointed  out  that  tiie  method  of  building  the  dam  in  the  river  was  unique.  A 
coffer-dam  consisting  of  a  rectangular  timber  crib  structure,  loaded  with  stone  and 
made  watertight  by  means  of  clay  puddle,  was  built  around  the  site  of  a  section  of 
the  dam,  about  400  ft.  long,  the  water  then  being  pumped  out  of  this  coffer-dam.  In 
this  space,  thus  made  dry,  a  trench  was  excavated  in  the  solid  rock  on  which  the  dam 
is  founded.  The  piers  and  arches  forming  the  bridge  and  the  bottom  part  of  the  dam 
between  these  piers  were  built,  and  after  this  the  coffer-dam  was  removed  and  another 
section  of  about  400  ft.  was  coffer-dammed  and  the  bridge  built  in  the  same  wav,  thus 
continuing  until  the  bridge  is  extended  all  the  way  from  the  Illinois  shore  to  the 
junction  with  the  power-house  on  the  Iowa  side.  This  leaves  iig  large  openings 
between  the  bridge  piers,  through  which  the  water  of  the  river  passes  unobstructed. 
These  openings  are  closed  off  a  few  at  a  time  by  means  of  steel  gates,  and  the  balance 
of  the  concrete  part  of  the  dam  placed  behind  these  gates,  gradually  raising  the  crest 
of  the  dam  until  it  has  reached  its  full  height. 

The  concrete-mixer  plant  is  located  at  the  end  of  the  dam  and  directly  in  line  with 
it.  The  substructure  consists  of  four  concrete  arches,  in  each  of  which  is  one  concrete 
mixer  of  one  and  one-half  yards  capacity.  The  superstructure  consists  of  the  wooden 
bins — viz.,  sand  and  stone  bins.  Connecting  the  bins  and  each  mixer  are  two  steel 
ihutes  which  automatically  convey  and  measure  the  quantities  of  sand  and  stone  to 
the  mixers.  The  cement  is  dumped  into  a  small  hopper  which  also  leads  to  the  mixer, 
and  the  water  for  each  "  batch  "  is  delivered  from  a  tank  located  just  above  each 
machine.  By  means  of  compressed  air  the  charges  are  unloaded  into  the  mixer,  which, 
in  turn,  is  revolved  by  an  engine  driven  by  air. 

There  is  directly  beneath  the  mixers  a  double-track  railway  on  which  the  concrete 
trains  run.  Each  flat  car  is  loaded  with  two  bottom-dump  double-leaf  steel  concrete 
buckets.  The  train  stops  in  front  of  the  mixers,  and  each  mixer,  having  received  its 
charges  from  the  chute  above,  discharges  its  mixture  into  a  bucket  directly  beneath  it. 
The  train  with  its  load  moves  out  on  to  the  dam  under  the  travelling  crane,  which  picks 
the  buckets  from  off  the  cars  and  places  them  into  the  forms  wh'ere  they  are  dumped. 

REINFORCED    CONCRETE  COW-STALL   DIVISIONS. 

Ix  connection  witli  the  ad\antageoLis  use  of  concrete  and  reinforced  concrete  for  farm 
uses  which  we  are  constantly  advocating,  we  show  on  this  page  an  illustration  of  rein- 
forced concrete  cow-stall  divisions  at  Chipnall  for  Mr.  T.  Balfour,  Cheswardine  Estate, 
Market  Dravton.  These  were  constructed  of  No.  24  Diamond  Mesh  Expanded  Steel  in 
the  centre  of  3  in.  of  concrete.  This  reinforcement  was  supplied  by  the  Expanded 
Metal  Compa-v  of  London  and  West  Hartlepool. 


Reinforced  Concrete  Cuw-Stall  Divisions. 
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AT  HOME  AND  ABROAD. 


[CONCRETE] 


A  short  summary  of  some  of  the  leadinq  books  "which  ha've  iippeareJ  during  the  last  feiv  months. 


"  The  Mechanics  of  Building  Construction." 
By  Henry  Adams,  M.I.C.E.,  etc. 

London  ;  Lon^jnians,  Green  &  Co..  39  Paternoster  Row. 
Price  6s.  net.     240  pp.  +  xi. 

This  volume  is  based  on  a  series  of 
lectures  given  by  the  author  to  a  number 
of  science  teachers  at  South  Kensington, 
although  a  good  deal  of  alteration  has 
been  made  to  the  text  and  many  details 
explained  more  fully  than  in  the  first 
instance  in  order  to  bring  the  work  in  line 
with  a  student's  requirements.  A  very 
large  scope  has  been  covered,  and  the  book 
is  illustrated  by  nearly  six  hundred  dia- 
grams, which  are  clear  and  explanatory. 
There  is  undoubtedly  a  great  need  for  a 
good  book  which  deals  with  the  theory  of 
structural  design,  as  there  are  very  few 
works  which  deal  with  the  subject  in  any- 
thing like  a  comprehensive  manner,  and, 
in  consequence,  there  is  a  tendency  for 
students  to  avoid  this  highly  important 
subject  with  the  feeling  that  it  is  quite 
bevond  their  capacities.  We  can  hardly 
agree  with  the  author  that  this  particular 
work  will  meet  the  needs  of  the  ordinary 
student,  as  the  fundamental  principles  are 
not  simply  and  adequately  explained, 
being,  we  consider,  dismissed  with  a  few 
remarks  which  would  not  enable  anyone 
without  a  fair  knowledge  of  the  subject  to 
grasp  their  meaning  and  importance.  It 
must  be  remembered  that  if  all  the  funda- 
mental principles  are  thoroughly  under- 
stood their  application  becomes  more  or 
less  a  simple  matter,  and  intelligent 
design  will  result ;  but  if  the  understand- 
•ng  is  only  partial,  then  anv  problem  which 
presents  a  new  aspect  will  bo  fatal  to  the 
student.  The  portions  devoted  to  graphics 
are  very  well  treated  and  contain  many 
complete  and  interesting  examples  which 
should  prove  of  much  value  to  the  de- 
signer. We  should  like  to  have  seen 
more  space  devoted  to  foundation  work, 
as  no  mention  is  made  of  grillages  and  the 
methods  of  calculating  the  different  la3'er 
beams,  this  being  of  some  importance  to 
architects,  considering  the  great  use  of 
steel-framed  structures.  There  is  a  great 
deal  of  good  material  in  the  volume,  and 
it  should  prove  a  valuable  addition  to  the 
library  of  scientific  works,  but  we  venture 
to  think  that  it  will  appeal  far  more  to 
the  teacher  than  to  the  student,  and  thus 
its  use  will  be  limited. 
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"Concrete  Costs,"  by  FredericK  W.  Taylor, 

M.I-:..  Sc.D.,  ami  Sanford  E.  Thompson,  S.B., 
M.Aiii.Snc.C.E. 
London  :    Chapman   &   Hall,    Ltd.      New  York :    John 
Wiley  &  Sons.     Price21s.net.    bvo.  710  +  xii  pp. 

Coil  ten  t.s. — Introduction  —  Preface  —  .Ap- 
proximate    Cosits     of     Miscellaneous 
Concrete     Work — Appro.ximate     Cost 
Data     on     Concrete     Structures — .'Ap- 
proximate  Costs  of   Reinforced   Con- 
crete    Buildings  —  Determination     of 
Labour  Cost — Task-work  in  Construc- 
tion— Proportioning  Concrete — Tables 
of    Quantities    of    Materials    for   Con- 
crete   and    Mortar — Cost   of   Concrete 
Mateiials — Excavating   and   Crushing 
Stone     for     Concrete — Handling     and 
Transporting     Materials — Labour     of 
Mand-mixing — Machinery    Plants    for 
Mixing     and      Handling      Concrete — 
Labour    Costs    of    .Machine-mixing — 
Forms      for      Mass      Concrete — .\rch 
Centres — Forms   for   Reinforced  Con- 
crete— Tables  for  Concrete  Volumes — 
Tables  of  Steel  Areas  and  Quantities — 
Tables  of  Times  and  Costs   Bending 
and  Placing  Steel — Tables  for  design- 
ing  Forms — -Tables    of   Quantities    of 
Lumber  for  Forms. — Tables  of  Times 
and    Costs    of    Labour    on     l-'orms — • 
Estimates     for     Reinforced     Concrete 
Construction. 
Everyone  will  admit  that  there  is  plenty 
of  scope  for  the  application  of  system  to 
building  work,  so  that  this  book  makes  a 
wide    appeal    in    tiius    devoting    attention 
thereto.     Its  title  would  appear  to  confine 
it   narrowly    to   one   particular   branch   of 
building   work,    but    as    a   matter   of   fact 
associated   with   the   carrying   out   of   con- 
structional   works    in    concrete    there    is 
much  of  a  general   character  applying  to 
older   ways   of  building,   as,   for   instance, 
excavation  and  handling  and  transporting 
material,    all    of    which    are    duly    taken 
account  of  in  the  book,   which  must  also 
be  looked  upon  as  an  introduction  to  the 
whole  subject  of  scientific  management  in 
the  building  trades. 

The  authors  have  our  confidence  and 
respect  at  once  for  having  published  that 
excellent  i>ook,  first  issued  some  years 
ago,  entitled  "  Concrete,  Plain  and  Re- 
inforced"; while  Mr.  Frederick  W. 
Taylor,  one  of  the  authors,  was  a  pioneer 
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in  introducing,  in   1S85,  scientific  metliods 
of     nianag€iment     at     the     Midvale     Steel 
Worivs,    and   has    been   engaged   since    in 
systemaitizimg      many      other      companies 
along  similar  lines.     The  r.wdus  opcraudi 
of  sciemtific  managemenit  appears  to  con- 
sist   of    making    a   close    analysis   of    the 
operations  of  the  workmen,  including  the 
time  taken  in  each  and  every  small  opera- 
tion in  whole  and  part,  bv  the  process  ex- 
plained   by    Mr.    Frank    B.    Gilbrcth,    an 
.'Vmerican  contractor,  in  the  book  entitled 
"  Mo'tion   Study,"   which   we   recently   re- 
viewed in  these  columns,  and  in  which  it 
was  explained  that  by  making  time  studies 
of    the    labour    of    laying    a    single    brick 
divided  into  its  elementary  motions,  so  as 
to  see  whether  any  of  these  motions  could 
be  left  out  and  the  brick  laid  just  as  well, 
he    was    able    to    reduce    the    number    of 
motions   in   ordinary   work   from  eighteen 
to    five,    with    very    great   econc«mv    as    a 
result.     That  is  only  part  of  the  purpo-e 
of  this  book — it   also  shows   how   to   use 
such     analysis     for    ordinary    estimating, 
keeping  prime  cost  and  general  organiza- 
tion of  a  job.     It  might  be  supposed  that 
because     this     is     written     by     American 
authors    primai-ily    for    American    readers, 
all  the  prices  and  measurements  being  in 
American    units    and    based    on    American 
labour    conditions,     it    would    not    be    of 
very    direct    use    to    English    contractors, 
engineers,  and  others,   but  that  is  not  so, 
for  although  the  high  rates  paid  for  labour 
in     the     United     States     have     made     the 
problem     of     increasing     efiiciencv     more 
urgent,  yet  the  data  are  derived  from  men 
of    much    the    same    calibre    as    found  -in 
Britishers  the  world  over,  and  where  white 
labour   be   employed,    though    it    mav   not 
always  fit  exactly — indeed,  the  authors  do 
not  suggest  it  will,  continually  warning  us 
that  their  figures  are  more  illustrative  than 
to  be  accepted  blindly — it  is  far  and  awav 
the  best  guide  to  estimating  concrete  and 
reinforced  concrete  work  we  know  of,  and 
w  e    would    far    rather    trust    it    than    anv 
other  published  data.     It  is  highly  instruc- 
tive and  suggestive,  and  should  be  closelv 
studied  by  all  who  have  to  carry  out*  build- 
ing work.     The  method  of  estimating  bv 
building  up  prices  from  unit  operations  is 
not  new,  but,  alas  !  in  the  building  trades 
it     is     seldom     adopted,     and,     although 
builders   and   builders'  estimators   in    this 


country   may  raise   all   sorts   of  objections 
the  same  as  their  confreres  have  done  the 
oiher  side  of  the  Atlantic,  the  method  is 
nevertheless  the  right  one,  and  their  objec- 
tions   are    only    the    result    of    ignorance. 
There  are,   no  doubt,   dilliculties  in   intro- 
ducing    piece-work     or     task-work      (the 
latter   consisting   of   setting   a   time   for   a 
piece  of  work  and  paying  a  bonus  if  done 
in    the    time    allowed)     generally    in    the 
building    trades,    entailing    as    it    does    a 
laying-out  of  the  exact  work  to   be  done 
by  every  man   at  least  a  day  beforehand, 
yet  it  should  and  can  be  done.     We  have 
no  space  here  to  summarise  all  the  many 
valuable    hints    given    by    the    authors,    or 
even    outline    the    various    sections    into 
which   scientific  organization  is  divided — 
the  book  should  be  read.     We  mav,  how- 
ever, state  that  the  book  contains  all   the 
data    needed    in    resi>ect   to    materials    as 
well    as    labour,    such    as    the    weights    of 
materials,     the     sizes     of     sacks,     barrels, 
barrows,    descriptions    of    standard    tools, 
standard  centering,   etc.,   etc.     There  is  a 
good   deal  of  matter   about   the   scientific 
proportioning  of  concrete  much  in  exten- 
sion  of  the  authors'   other  book,    "  Con- 
crete,   Plain    and    Reinforced,"   but   here, 
valuable    and   correct   though   the   general 
data  are,  the  tables  giving  the  volumes  of 
concrete  obtained  from  various  proportions 
of     ingredients     are     not     applicable      to 
standard    English    practice,    as    they    ar£ 
based  on  cement  weighmg  on  the  average 
100  lb.   per  cubic  foot,   whereas  90  lb.   is 
the    figure    usually   and    officially    adopted 
in    Britain.     This  means,   of  course,   that 
English   concrete   nominally  of   the   same 
proportions  by   voluine   as  Ainerican   con- 
crete really  will  contain  less  cement.     Let 
us    hope    that    English    cement    is   propor- 
tionately stronger,  as  we  believe  it  to  be, 
on  the  average.     Many  useful  tables  and 
diagrams  for  standard  practice,  useful  to 
designers     as     well     as     contractors     and 
estimators,     are     interspersed    throughout 
the  book,   and  we   feel   sure   it   will   react 
upon  current  practice  to  its  great  improve- 
ment,  and  we  hope  that  in   turn  practice 
ma\'  react  upon  the  sales  of  the  book  so  as 
to  warrant  a  second  edition  in  a  year  or 
two  which   shall   be   as  enlarged   and   im- 
proved as  was  the  second  edition  of  that 
other   standard    authority    on    concrete    by 
the  same  writers. 
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Memoranda  and  Netvs  Items  are  presented  under  this  heading,  tutth  occasional  editorial 
comment.     Authentic  netvs  "will  be  -welcome. — ED. 


Reinforced  Concrete  for  Aviatioti  Buildings. — At  the  meeting  of  the  Institution 
of  Municipal  Engineers,  whicli  was  held  at  the  London  Aerodrome,  Hendon,  X.W.,  on 
June  12,  -Mr.  Horace  Cubitt,  A.R.I.B.A.,  read  a  very  interesting  paper  on  "  'Ihe 
Structures  of  the  Future  in  relation  to  Aviation."  Dealing  with  the  necessity  which 
must  soon  arise — when  the  industries  of  aeroplane  construction  and  aerial  transit  are 
established  as  large  factors  in  our  national  industrial  programme — of  having  perma- 
nent aviation  buildings  such  as  workshops  and  aeroplane  sheds,  Mr.  Cubitt  said  : — 

"  When  consideration  is  given  to  the  form  which  this  permanent  construction 
will  take  it  is,  however,  a  cjuestion  whether  plain  brickwork  will  hold  its  own,  or 
whether  it  will  have  to  give  place  to  one  of  the  more  modern  forms  of  construction. 
As  regards  the  aviation  workshops,  these,  in  common  with  new  workshops  of  other 
kinds,  may  very  probably  be  constructed  of  a  steel  skeleton  filled  in  with  brickwork,  or 
of  that  new  combination  of  materials,  reinforced  concrete.  Aeroplane  sheds,  neces- 
sarily being,  it  is  presumed,  one-store}'  buildings  of  moderate  height,  will  hardly  lend 
themselves  to  steel-frame  construction,  but  it  would  appear  that  reinforced  concrete 
is  particularly  suitable  for  structures  of  this  character.  Experience  in  connection 
with  the  new  General  Post  Ofitice,  and  elsewhere,  has  shown  that  reinforced  concrete 
is  particularly  suitable  for  buildings  requiring  large  areas  of  unencumbered  floor  space. 
Therefore  it  may  be  assumed  that  it  will  in  due  course  be  largelv  adopted  for  the  con- 
struction of  aeroplane  sheds,  particularl}'  if  it  is  possible,  as  I  believe  now  to  be 
the  case,  to  form  watertight  roofs  of  this  material  without  asphalte  or  any  other  kind 
of  covering.  A  further  important  constructional  point  which  does  not  occur  in  modern 
aeroplane  sheds,  but  may  be  anticipated  in  future  constructions,  is  the  obtaining  of 
large  floor  spaces  with  the  absolute  minimum  of  columns  or  stanchions.  At  present 
the  aeroplanes  in  use  are  comparative!}'  small — that  is^  compared  with  those  we  may 
expect  in  the  future — and  it  is  not,  I  believe,  customarv  to  put  a  number  of  aeroplanes 
in  one  shed.  But  in  due  course,  when  an  enterprise  with  such  a  title  as  the  London 
Aerobus  Company  is  in  full  swing,  each  building  at  the  company's  depots  will  doubt- 
less- be  constructed  to  contain  a  considerable  number  of  aerobuses,  and  with  these 
vehicles  exceeding  by  many  times  the  size  of  a  modern  biplane  it  will  be  necessary  to 
keep  the  floor  space  almost  entirely  free  from  columns.  To  effect  this  with  due  regard 
to  economy  will  not  be  easy,  but  probably  by  a  skilful  use  of  reinforced  concrete  the 
problem  will  be  satisfactorily  solved." 

Turning  to  the  question  of  the  landing-stages  which,  it  seems,  will  eventually  have 
to  be  erected  in  large  towns,  the  lecturer  went  on  to  say  : — 

"  If,  as  seems  certain,  tall  landing-stages  are  to  be  erected  in  districts  where  land 
is  very  valuable,  it  will  obviously  be  desirable  to  utilise  the  space  below  the  landing- 
stage — i.e.,  to  erect  ordinary  buildings  upon  it.  But  if  the  site  is  cleared,  and  the 
buildings  and  the  landing-stage  are  to  be  erected  at  the  same  time,  the  question  will 
at  once  arise.  Why  not  form  them  as  one  structure?  If  this  is  done,  it  will  be 
obviously  a  waste  of  space  to  provide  separate  legs  for  the  landing-stage,  as  such 
stage  can  be  easily  supported  on  the  walls  or  other  enclosures  of  the  building.  Thus 
the  aeroplane  landing-stages  of  the  future  will  probably  be  nothing  more  than  a  large 
and  lofty  building  with  a  flat  roof,  on  and  from  which  the  aeroplanes  will  alight  and 
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depart.  As  regards  the  form  of  construction  to  be  adopted,  neither  brici-cwork  nor 
stonework  is  suitable,  if  economy  is  a  consideration.  Both  steel  and  reinforced  con- 
crete possess  great  advantages  over  the  older  forms  of  construction  in  the  case  of  the 

erection    of    lofty    buildings.     As    to    which    of    these    two    forms    of    construction a 

j^roperly  encased  steel  frame  or  a  scientifically  designed  arrangement  of  steel  and 
concrete — is  likely  to  be  adopted,  it  is  hard  to  say.  Probably  both  forms  will  find 
their  supporters.  A  great  deal  has  lately  been  written  in  praise  of  reinforced  concrete, 
but  the  advantages  of  a  steel  frame  for  a  lofty  structure  must  not  on  this  account  be 
overlooked." 

Mr.  B.  W'yand,  the  Secretary  of  the  Institution,  also  read  a  paper  entitled 
"  Some   Suggestions   for   By-laws   and   Regulations    in  relation   to   Aviation." 

Setting  of  Cement  during  Freezing  Temperatures. — This  has  been  investigated 
in  a  series  of  tests  recently  conductetl  b\"  Messrs.  L.  Bienfait  and  H.  Bancke. 
According  to  De  lugeiiiciir,  clear  water  and  saline  solutions  were  both  used  in  the 
mortars  tested,  and  it  was  found  that  the  salts  of  sodium  and  calcium  accelerated  the 
process  of  setting  somewhat,  even  at  low  temperatures,  while  the  salts  of  magnesium 
retarded  it.  It  was  observed  that  setting  and  hardening  proceeded  slowlv  at  the  low 
temperatures,  provided  that  the  materials  were  mixed  at  higher  temperatures,  and 
such  mortars  when  placed  under  normal  conditions  acquired  a  strength  in  time  equal 
to  those  not  subjected  to  low  temperatures.  However,  after  a  lapse  of  thirtv  days 
under  freezing  conditions  the  mortars  showed  a  compressive  strength  somewhat  lower 
than  that  of  a  seven-day  mortar  normally  treated.  In  discussing  the  results  obtained 
the  writers  recommend  the  use  of  clear  water  rather  than  saline  solution  for  such 
conditions. 

Jacketing  a   Steel     \^  ater-Tank    with     Concrete. — The  process  of  jacketing  a 

steel  water  tank  was  described  in  the  annual  report  of  Mr.  F.  J.  Fischer,  the  Chief 
Mechanical  Engineer  of  the  Los  Angeles  (Cal.)  Water  Department.  For  some  time 
the  Edendale  section  has  been  supplied  from  a  large  steel  tank  having  a  capacity  of 
528,000  gallons.  While  this  tank  was  originally  built  with  a  liberal  factor  of  safety, 
recent  unexplained  failures  of  tanks  of  similar  construction  led  the  department  to 
determine  to  be  doubly  safe.  With  this  in  mind,  the  capacity  of  the  tank  was  in- 
creased to  593,000  gallons  by  adding  5  ft.  to  the  height  ;  and  the  steel  shell  was  then 
encased  in  reinforced  concrete  having  a  thickness  of  5  in.  on  the  inside  and  10  in.  on  the 
outside — the  reinforced  concrete  walls  of  themselves  being  of  sufficient  strength  to  with- 
stand the  hydraulic  pressure  with  an  ample  factor  of  safety.  This  improvement,  Mr. 
Fischer  points  out,  has  meant  the  replacement  of  an  unsightly  black  steel  tank  wirh 
a  concrete  structure  simple  yet  commanding  in  appearance. 

Largest  Reinforced  Concrete  Bridge  in  the  World. — What  will  be  the  largest 
reinforced  concrete  bridgr  in  the  workl  is  to  be  built  (says  the  Times  Engineering  Sup- 
plement) across  Tunkhannock  Creek,  near  Nicholson,  Pa.,  by  the  Delaware,  Lacka- 
wanna, and  \^'estern  Railroad.  The  design  is  for  a  double  track  structure  having 
ten  180  ft.  arches  with  a  100  ft.  arch  at  each  end,  and  totalling  2,230  ft.  in  length 
with  a  tnaximum  height  above  the  water  of  249  ft.  The  principal  arches  are  to  be 
reinforced,  but  they  are  derigned  to  carry  loads  independently  of  the  reinforcing.  '1  he 
piers  are  to  be  carried  down  to  solid  rock,  about  95  ft.  below  the  ground  surface  at  the 
deepest  point.  The  centering  to  be  used  in  placing  the  large  masses  of  concrete  in 
position  is  to  consist  of  hinged  trussed  arches  of  steel  construction  supported  by  the 
bridge  piers.  It  was  decided  to  have  a  ballasted  floor  construction  with  a  thoroughly 
waterproof  deck,  and  this  would  have  required  a  heavy  design  in  steel,  which,  together 
with  the  fact  that  a  material  increase  in  live  load  would  produce  a  less  stress  increase 
in  the  case  of  a  concrete  structure,  led  to  the  decision  to  use  this  material.  It  was 
also  felt  that  the  maintenance  of  a  steel  structure  of  such  height  and  length  was 
excessive  in  view  of  the  liability  of  the  rivets  becoming  loose  and  of  deterioration  being 
caused  bv  vibration.  The  cost  of  renewing  such  a  steel  structure,  owing  to  the  con- 
ditions  of  height  and  situation,  was  estimated  to  be  as  great  as  the  first  cost. 

A  Temporary  Cement-  Wash  Protection  for  Bridge  Timbers.  — A  temporary  fire 
protection  for  old  timbers  on  a  steel  bridge  where  the  length  of  useful  service  had 
nearlv  been  reached  and  the  wood  badly  checked  was  recently  provided  on  the  Boston 
and  Maine  Railroad  bv   a   wash  made' up  of  Portland  cement,   plaster   of  Paris,   and 
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sand.  The  bridge  was  a  deck  structure,  located  at  such  a  distance  from  the  station 
or  houses  where  attention  might  be  attracted  by  a  fire  burning  on  it,  that  some  form 
of  protection  was  considered  advisable  during  the  period  of  one  or  two  years  remaining 
in  the  life  of  the  ties.  There  were  wide  and  deep  cracks  in  some  of  these  ties,  and  as 
sufficient  experience  had  not  been  had  at  that  point  with  the  use  of  fire-resisting  paints 
to  give  assurance  of  their  effective  service,  experiments  were  made  in  filling  the  cracks 
with  various  compositions,  and  also  covering  the  entire  top  surface  of  the  tiles  and 
guard  rails.  The  first  experiment  was  with  cement  and  water  alone,  but  this  plaster 
cracked  and  came  out  of  the  cavities  in  the  tiles  so  as  to  afford  very  little  protection. 
A  mixture  of  lime  and  cement  and  sand  was  then  used  on  another  portion  of  the 
bridge,  and  was  found  to  give  better  protection.  Finally  a  mixture  of  Portland 
cement,  plaster  of  Paris,  and  very  fine  sand  was  tried,  this  being  mixed  so  thin  that 
it  would  run  in  and  fill  all  the  cracks  in  the  tiles  and  guard  rails.  It  was  washed 
over  the  entire  surface  of  the  timber.  This  form  of  protection  proved  effective  in 
stopping  fires  on  the  bridge  for  a  number  of  months,  but  was  considered  only  as  a 
temporary  expedient.  The  expense  of  the  application  was  about  the  same  as  that 
for  the  application  of  a  coating  of  fire-resisting  paint,  but  the  durabilitv  was  consider- 
ably less  than  that  of  a  paint.  Since  this  work  was  done  the  fire-resisting  paints  have 
been  investigated  further,  and  found  to  be  sufficiently  serviceable  as  a  protection.  They 
are  believed  to  be  preferable  where  the  protection  is  desired  to  last  for  any  consider- 
able period. — Ejigiiieeriug  Record. 

ENQUIRIES. 
Design  of  Grain  Bins. 
X.  Y.  (Rawalpindi)  writes  : — ••  I  should  be  much  obliged  if  you  could  let  me  have  your 
opinion  on  the  following  points.  In  designing  a  group  of  grain  bins  to  hold  a  lirge  amount 
of  grain  it  is  found  necessary  to  place  a  slab  of  concrete  over  the  whole  area  undei  the  bins, 
as  the  &oil  cannot  take  more  than  one  ton  <n  the  square  foot.  It  is  proposed  to  make  the  bins 
either  circular  or  hexagonal.  Each  bin  will  be  supported  on  pillars,  and  the  question  is  to 
what  extent  should  the  concrete  slab  under  the  bins  be  reinforced,  and  how  can  the  amount  of 
the  reinforcement  and  the  thickness  of  the  slab  be  arrived  at. 

"  To  make  matters  clearer,  I  send  a  drawing  showing  a  plan  of  a  concrete  slab  required 
for  six  circular  bins,  with  the  pillars.  The  pillars  here  shown  are  in  reinforced  concrete. 
It  is  probable,  however,  that  the  pillars  will  have  to  be  made  in  brickwork.  If  it  is  found 
possible  to  make  them  of  reinforced  concrete,  would  it  be  advisable  to  rest  them  on  a  con- 
tinuous circular  footing,  and  should  this  footing  be  secured  to  the  concrete  slab,  and  if  so,  in 
what  way  ? 

''  In  Ketchum's  "  Walls,  Bins,  and  Grain  Elevators,'  page  192,  an  almost  exactly  similar 
case  is  given.  Here  the  reinforcement  of  the  base  slab  is  a  network  of  l-in.  round  steel  rods, 
forming  a  g-in.  mesh,  and  the  pillars  rest  on  the  slab  direct,  their  vertical  reinforcements 
going  about  one  foot  into  the  slab.  Ordinarily  the  slab  would  be  treated  as  an  inverted  beam 
and  the  reinforcement  placed  in  the  upper  portion  of  the  slab  between  the  weights.  In  the 
present  case,  however,  this  cannot  be  done,  and  presumably  it  is  sufficient  to  reinforce  the 
slab  as  done  in  the  example  referred  to  (cement  storage  bins)." 

We  would  treat  the  offsets  under  pillars  as  continuous  circular  beams  between  pillars, 
for  design  of  which  Professor  Ketchum's  book  may  be  consulted,  and  the  slab  in  turn  we 
would  treat  as  circular  under  the  bins,  as  rectangular  between  bins,  and  cantilevered  outside. 
The  slab  rods  we  would  arrange  at  right-angles  and  make  allowance  for  continuity.  The 
calculations  should  be  made  in  the  usual  way  and  are  quite  simple.  It  would  be  impossible 
for  us  to  give  a  detailed  design  as  this  is  somewhat  outside  our  province,  and  further  jou  do 
not  give  sufficient  data  to  enable  us  to  ascertain  loads  on  foundations. 

Construction  of  Storage  Tank. 

A.  B.  (Swansea)  writes  : — ""  Having  in  course  of  construction  a  storage  tank  with  rein- 
forced concrete,  I  should  like  to  know  the  best  method  of  welding  the  g-in.  bars  which  run 
through  roof  of  said  tank,  and  if  it  is  possible  to  weld  same  with  lamp.  Also,  what  length 
of  rods  would  be  most  suitable  for  the  following  dimensions  : — External  measurements  of 
concrete  are  105   ft.  by  59  ft." 

Welding  should  be  avoided  as  far  as  possible  in  reinforced  concrete.  Turnbuckles  are 
preferable  for  connections  of  tension  rods.  We  suppos<?  by  your  sketch  that  rods  are  required 
for  beams  running  the  5g-ft.  way  of  the  tank.  In  that  case  we  should  have  thought  it  would 
be  better  to  put  intermediate  columns  so  as  to  reduce  the  span  and  economise,  when  rods  could 
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have  been  lapped  over  the  columns,  but  if  the  beams  must  be  59  ft.  long,  rods  in  one  length 
could  be  obtained  from  the  rolling  mills,  or,  as  the  full  section  would  not  be  required  to  extend 
throughout,  they  might  be  arranged  thus — i.e.,  overlapped  at  the  centre  and  turned  up  at  the 
ends  to  help  resist  shear.  The  length  of  rod  we  would  suggest  in  that  case  would  be  40  ft.  or 
less. 

CORRECTIONS. 

Messrs  Clay  A  Sobs'  New  Premises.— In  the  article  en  Messrs.  R.  Clay  &  Sons' 
premises,  which  appeared  in  our  Ma\-  number,  we  inadvertently  omitted  to  mention  the  fact 
that  Mr.  Akxandtr  Drew,  of  \irtoria  Street,  S.W.,  acted  as  consulting  engineer  to  this  work. 

Article  on  Design  of  T-Beams  in  Reinforced  Concrete.—  We  regret  that  a  printing  error  should 
have  occurred  in  Mr.  R.  X.  Mirza's  article  in  our  June  number.  On  page  440,  the  fourth  line 
from  bottom  of  page  should  have  read 

2  IKY^  -SYd  +  K)-V 


by  ^. 


2KY  -  1 

and  the   fourth  ecpiation  on  page  441   should  have  been 

M  =c<i>Bdi. 

TRADE    NOTICES. 
The   {U  K.)    Winget    Con:rete    Maclilne    Co.,    Ltd.,  inform    us    that    for    the    convenience   of 
their  customers  in  London  and  the  Home  Counties,  and  to  cope  with  their  increasing  business, 
they  have  opened  a  London  office  at  5,   E!ast   India  Avenue,   London,   E.C.,   in   charge  of   Mr. 
Victor  Kemp,  who  has  been  appointed  manager. 
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EDITORIAL  NOTES. 


REINFORCED    CONCRETE    AND    FIRE    PREVENTION. 

That  ihe  application  of  reinforced  concrete,  when  properly  designed,  of  suitable 
composition  and  carefully  executed  with  due  regard  to  fire  hazard,  affords  one 
of  the  best  means  of  obtaining  a  fire-resisting  building  can  scarcely  be  disputed, 
and  we  hold  that  the  earlier  uses  of  the  new  material  for  structural  purposes 
in  this  country  was  largely  due  to  the  influential  advocacy  on  its  behalf  of  those 
primarily  concerned  in  fire  prevention. 

It  thus  behoves  both  designers  and  contractors  engaged  on  reinforced  con- 
crete to  be  most  careful  not  to  take  undue  risks  where  fire  hazard  may  be 
expected.  The  unfortunate  tendency  to  scamp  in  the  covering  of  the  metal 
members  should  be  most  strictly  condemned,  as  also  the  use  of  unsuitable 
aggregates,  for  anv  weakness  from  the  fire  point  of  view  must  necessarily  first 
make  itself  felt  where  the  protective  covering  is  insufficient  or  liable  to  rapid 
disintegration.  There  have  been  failures  abroad  of  reinforced  concrete  struc- 
tures, or  portions  thereof,  due  entirely  and  solely  to  scamping  or  unsuitable 
aggregate  as  distinct  from  any  fault  in  the  design  per  se,  and  it  would  be 
regrettable  indeed  if  any  similar  record  was  obtained  at  fires  in  these  islands. 

THE    PROTECTIVE    COVERIXG    OF    THE    METAL. 

Unfortunately  the  extent  of  the  covering  for  the  metal  members  in  rein- 
forced concrete  construction  is  dealt  with  very  much  by  rule-of-thumb,  based, 
it  is  true,  largely  upon  the  results  of  the  fire  tests  of  the  British  Fire  Prevention 
Committee,  but  the  latter  do  not  as  yet  aft'ord  data  of  sufficient  detail  to  enable 
piecise  deductions  being  arrived  at.  The  committee,  it  is  true,  has  tested  quite 
a  number  of  concrete  and  reinforced  concrete  floors,  and  certain  deductions  can 
be  made  of  the  relative  resistance  of  the  different  systems  of  construction  that 
have  been  under  investigation,  but  the  research  work  done  to  date  by  no  means 
fully  covers  the  subject,  for  there  is  still  lacking  the  necessary  information  as 
to  the  extent  of  the  covering  essential  for  dift'erent  sections,  thicknesses  and 
qualities  of  the  metallic  reinforcement,  given  identical  aggregates  and  identical 
conditions. 

A  comm.on  rule  is  to  provide  a  protective  covering  of  from  2  in.  to  2h  in. 
depth  in  main  girders.  For  columns  the  protection  is  expected  to  be  greater  ; 
for  small  girders  and  small  panels  it  is  less,  and  the  practicable  minimum  of 
protection  under  a  panel  is  supposed  to  be  i  in.  In  such  panels  it  is  generally 
assumed  that  the  rods  are  of  light  section,  and  that  the  concrete  aggregate  will 
pass  through  a  sieve  of  h  in.  mesh.  As  a  matter  of  fact,  this  minimum  of 
I  in.  is  on  the  dangerous  side,  and  i^  in.  is  more  reliable  for  any  horizontal 
panel  of  7  to  10  ft.  span.  Such  a  protective  covering  of  li  in.,  however,  adds 
to  the  weight  of  a  floor,  adds  to  its  thickness,  and  has  various  other  disadvan- 
tages   which    economical    designers    chafe    at,    and    the    result    has    been    that 
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every  possible  excuse  is  invented  to  lessen  the  thickness  of  tlie  prolcctixe 
covering  in  question,  and  sometimes  the  ordinary  plastering-  applied  to  the 
soffit  of  a  floor  panel  is  reckoned  in  as  part  of  the  thickness  of  i  in.  asked  for. 
Now  of  the  many  excuses  for  a  thin  covering  that  come  before  us, 
probably  the  most  sensible  is  the  one  that  is  based  on  the  argument  lhat,  if 
the  reinforcement  be  kept  to  the  thinnest  possible  section,  the  covering  may 
be  materially  reduced,  owing  to  the  lesser  effect  of  conductivity  to  the  smaller 
sections  of  metal  than  to  those  of  greater  scantling.  In  other  words,  the 
argument  that  the  thinner  the  reinforcement  rods  the  thinner  may  be  the 
covering  seems  a  feasible  one,  although  the  point  has  not  as  yet  been  scienti- 
fically proved. 

FURTHER    INVESTIGATIOX    ADVlSAIiLE. 

To  obtain  a  reliable  solution  we  would  welcome  a  systematic  test  of 
floor  panels  of  identical  span  and  identical  thickness  reinforced  with  different 
forms  of  reinforcement,  from  the  thinnest  mesh  to  the  common  forms  of 
round  bars,  the  conductivity  of  the  concrete,  and  the  temperature  of  the 
metal  to  be  carefully  recorded.  If  such  investigations  were  conducted,  and 
the  reinforcing  metal  protected  with  covering  material  of,  say,  f  in.,  i  in., 
li-  in.,  and  2  in.  pyrometer  points  systematically  applied  within  the  concrete, 
the  whole  problem  could  be  solved  once  and  for  all,  much  as  the  question 
of  the  fire  resistance  of  different  concrete  aggregates  was  solved  by  the  British 
Fire  Prevention  Committee  some  years  back,  when  the  Associated  Portland 
Cement  Manufacturers,  in  a  most  public-spirited  way,  arranged  for  a  careful 
investigation   of  the   matter  then  at  issue. 

A  step  in  the  direction  of  obtaining  further  comparative  data  has  already 
been  taken,  we  are  glad  to  say,  by  the  Committee  in  undertaking  a  test  with 
a  floor  having  a  modern  triangular  mesh  reinforcement,  the  test  being  con- 
ducted on  identical  lines  with  former  tests  with  the  earlier  types  of  reinforced 
concrete  floors,  both  in  respect  to  fire  and  load  requirements,  application  of 
water  under  pressure,  etc.  Fortunately,  these  particular  tests  will  also  be 
undertaken  upon  spans  practically  identical  with  those  of  the  earlier  floors 
tested,  so  that  scientific  comparisons  can  be  made  to  a  certain  extent.  These 
tests  are  due  as  we  go  to  press,  so  that  there  will  be  no  great  delay  in  obtaining 
some   authentic  record. 

DIFFERENT    REINFORCEMENT    TO    MEET   DIFFERENT    CIRCUMSTANCES. 

There  is  a  tendency,  which  should  be  combated,  to  suggest  that  all 
reinforced  concrete  systems  have  an  equal  value  and  fire  resistance,  which 
is,  of  course,  not  the  case.  That  the  "  Visintini  "  floor  failed  owing 
mainly  to  an  entirely  insuflficient  protective  covering  when  tested  at 
the  Committee's  testing  station  will  be  remembered  by  many,  also  that  the 
Coignet  floors  of  two  different  forms  showed  highly  satisfactory,  but  quite 
distinctive,  results  is  still  borne  in  mind  by  those  concerned.  The  tests  with 
the  expanded  metal  and  the  indented  bar  floors  both  told  most  useful  tales, 
whilst,  to  mention  another  piece  of  research  of  far-reaching  effect,  the  armoured 
tubular  floor  test  taught  architects  the  value  of  an  air  cushion  for  certain 
classes  of  construction.  A  few  more  such  records  may  eventually  clearly  show 
the  precise  advantages  of  one  or  more  systems  of  reinforcement  for  the 
specific  purpose  of  serving  as  partial  fire  retardents,  whilst  some  other  system 
or  systems  may  be  definitely  found  almost  impregnable  to  the  fiercest  con- 
flagration   conditions.        Given    the    relative    fire    resistance    to    meet    different 
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conditions,  various  systems  of  reinforcement  can  then  be  specified  for  different 
classes  of  structure,  and  economy  will  result.  The  impregnable  floor  is  not 
wanted  for  a  block  of  ordinary  city  offices,  but  it  is  very  much  in  place  in 
a  cotton  warehouse.  Given  greater  discrimination,  building-  costs  will  accord 
better  with  the  requirements  of  the  structures  to  which  reinforced  concrete 
is  applied,  and  reinforced  concrete  contractors  will  have  an  increased  sphere 
of  activity. 

Thus  we  advocate  further  investigation  into  the  fire  aspects  of  reinforced 
concrete,  combined  with  the  greatest  possible  care  in  design  and  execution. 
Investigation  will  mean  a  general  cheapening  of  its  use  for  the  more  ordinary 
forms  of  building  and  a  more  suitable  application  of  the  material  generally, 
whilst  care  should  prevent  such  accidents  as  might  mean  a  set-back  and  cause 
unjust  suspicion  against  the  fire-resisting  qualities  of  reinforced  concrete. 

There  is  the  very  great  probability  of  reinforced  concrete  becoming  the 
primarv  building  material  of  the  future  wherever  the  question  of  fire  hazard 
pertains,  and  everything  should  be  done  to  advance  its  chances  in  this  direction 
and  to  prevent  the  slightest  possibility   of  this   position   being  questioned. 

REINFORCED    CONCRETE    AND    LOCAL    AUTHORITIES. 

We  have  already  called  attention  to  the  fact  that  local  authorities  are  slow  in 
making  alterations  in  their  building  by-laws  so  as  to  admit  of  the  use  of  rein- 
forced concrete  in  every  part  of  the  building,  and  we  publish  a  letter  from  Mr. 
Ridley,  which  comments  on  the  attitude  of  the  West  Ham  Corporation,  who 
have  stated  that  they  intend  to  alter  their  by-laws,  but  not  to  provide  in  such 
revision  for  the  full  use  of  reinforced  concrete. 

Apparently  this  local  authority  does  not  understand  the  illogical  attitude 
they  have  taken  up,  viz.,  that  while  reinforced  concrete  can  be  used  for  the 
whole  of  the  interior  of  a  building,  for  the  foundations,  columns,  beams,  floors, 
etc. — which  can  be  constructed  without  reference  to  any  by-laws — the  outside 
walls  and  foundations  thereto,  which  are  often,  from  a  structural  point  of  view, 
of  minor  importance,  cannot  be  constructed  in  reinforced  concrete,  owing  to  the 
existing  by-laws  or  the  proposed  revisions  to  same. 

We  admit  we  are  a  very  conservative  nation  in  the  matter  of  accepting 
new  methods  or  ideas,  but  the  value  of  reinforced  concrete  construction  has 
been  well  proved,  and  several  important  municipal  and  other  authorities  have 
acknowledged  this  by  providing  for  its  use  to  the  fullest  extent,  revising  and 
framing  their  by-laws  for  the  purpose,  and  in  some  cases  its  use  is  permitted 
and  by-laws  ignored.  If  other  public  bodies  follow  the  unfortunate  policy  of 
the'  West  Ham  Corporation  it  will  greatly  retard  the  scientific  and  economical 
progress  of  building  construction  and  further  handicap  the  British  manufac- 
turer, as  other  nations,  recogrrising  the  economical  value  of  reinforced  concrete 
structures — as  compared  to  the  ordinarv  method — have  encouraged  its  use, 
thereby  permitting  the  erection  of  more  durable  and  less  costly  buildings, 
saving  capital  outlay  in  this  direction,  and  thereby  allowing  the  use  of  such 
saved  capital  for  the  furthering  of  commercial  interests  in  other  directions. 

The  Government — who  largely  employ  this  form  of  construction — have  long 
recognised  the  utility  of  reinforced  concrete  and  the  saving  its  employment 
effects.  The  saving  in  cost  varies  from  15  to  25  per  cent.,  and  the  saving  in 
maintenance  is  also  substantial. 
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The  London  County  Council  have  framed  new  by-laws  especially  lor  this 
purpose  (see  our  issue  of  December,  191 1),  and  this  should  alone  convince,  but 
mig-ht  we  suggest  that  local  authorities,  where  in  doubt  as  to  the  suitability 
and  efficiency  of  this  form  of  construction,  should  call  upon  the  Concrete  Institute 
or  some  similar  recognised  body  concerned  in  this  class  of  work  to  send 
delegates  to  explain  its  advantages  and  present  facts  as  to  its  adoption 
elsewhere. 

The  following  is  the  letter  referred  to  above  : — 

Reinforced  Concrete  Construction  in  West  Ham. 

SiK, — With  reference  to  llie  discussion  of  the  West  Ham  Town  Council  relating  to  the 
matter  of  building  by-laws  as  applied  to  reinforced  concrete  construction,  I  feel  bound  to 
comment  on  the  attitude  adopted,  both  in  the  interest  of  the  borough  and  because  1  feel  such  an 
attitude  will  greatly  retard  the  progress  of  scientific  and  economical  building  construction. 
I  would  preface  mj'  remarks  by  stating  that  I  wish  in  no  way  to  comment  upon  the  Council's 
decision  regarding  the  plans  for  the  women's  settlement,  as,  although  interested  as  consulting 
engineer  for  the  structure,  I  follow  the  difficulty  in  accepting  the  plans,  considering  the 
present  existing  by-laws.  I  understand  that  the  revision  of  the  by-laws  is  now  being 
considered,  but  (according  to  the  Press  report)  the  Council  do  not  contemplate  inserting  any 
clause  or  making  any  provision  whereby  it  will  be  permissible  for  buildings  of  entirely 
reinforced  concrete  construction  to  be  erected. 

This,  in  my  opinion,  especially  in  the  case  of  the  West  Ham  district  (where  the  sub-soil  is 
very  unstable),  is  greatly  against  the  interest  of  all  concerned.  Under  the  existing  by-laws 
the  employment  of  reinforced  concrete  construction  is  permitted,  and  is  largely  used,  for  all 
parts  of  a  structure  excepting  the  external  walls  and  the  footings  supporting  same. 
Therefore  any  attitude  whereby  the  by-laws  are  not  now  framed  to  permit  the  construction  of 
such  walls  and  footings  in  the  manner  proposed  is  illogical,  and  the  use  of  reinforced 
concrete  for  such  work  is  of  the  greatest  advantage.  As  compared  with  the  general  form  of 
construction,  reinforced  concrete  has  the  following  advantages  :  (i)  Homogeneous  construc- 
tion. (2)  The  economical  employment  of  concrete  and  steel,  whereby  great  strength  is  obtained 
in  small  areas,  thus  reducing  the  entire  weight  of  the  building,  and  by  so  doing  decreasing 
the  loads  received  by  the  ground.  (3)  That  buildings  so  formed  are  fire  resisting  and  less 
liable  to  damage  by  fire  than  any  other  form  of  construction.  (4)  Saving  in  cajjital  outlay. 
(5)  Minimum  of  maintenance. 

Although  the  use  of  reinforced  concrete  has  in  this  country  not  been  employed  to  its 
fullest  extent,  its  utility  is  receiving  greater  recognition  year  by  year,  and  many  leading  local 
authorities  have  amended  their  by-laws  in  order  to  admit  of  its  employment  in  its  entirety, 
and  the  London  County  Council  have  obtained  the  sanction  of  Parliament  to  special  by-laws 
whereby  its  use  is  fully  permitted.  These  by-laws  were  framed  with  the  assistance  of  all  the 
leading  institutions  and  experts,  and  under  its  provisions  external  walls  may  be  formed  4  in. 
thick,  and  the  footings  also,  all  in  reinforced  concrete.  These  by-laws  are  now  waiting  the 
final  sanction  of  the  Lx)cal  Government  Board,  but  the  London  County  Council  have  given  and 
are  giving  their  permission  for  the  erection  of  entire  reinforced  concrete  structures,  prior  to  the 
final  sanction  of  such  Act.  The  Government  are  largely  using  this  form  of  construction,  and 
the  Local  Government  Board  have  advised  the  erection  of  schools  in  this  material,  having 
made  an  order  which  renders  void  any  local  by-laws  which  might  restrict  the  use  of  reinforced 
concrete  in  this  respect.  Not  only  is  reinforced  concrete  being  employed  tor  ordinary 
structures,  but  some  of  the  more  important  engineering  works,  such  as  bridges,  piers,  wharfs, 
docks,  etc.,  are  being  formed  in  this  material. 

1  noticed  it  was  stated  that  if  this  form  of  construction  were  permitted  in  the  borough 
there  would  be  great  risk  of  bad  workmanship  and  inferior  materials,  and  therefore  unsafe 
buildings.  I  would  point  out  that  this  might  also  occur  with  the  ordinary  type  of  construction, 
and  that  a  good  contractor  in  the  usual  form  of  construction  would  also  perform  good  work 
with  reinforced  concrete  construction.  I  might  also  mention  that  bricks  of  inferior  quality  can 
be  used,  and,  providing  that  the  walls  are  c-onstructed  of  the  thickness  required  by  the  by- 
laws, the  Council  have  no  power  to  prevent  the  use  of  such  inferior  bricks.  The  Council  have 
officials  who  should  be  competent  to  see  that  the  work  is  carried  out  in  a  proper  manner,  so  far 
as  the  Council  are  concerned.  I  do  not,  under  any  circumstances,  presume  to  criticise  the 
ability  of  the  officials,  as  there  is  no  doubt  they  must  be  conversant  with  the  reinforced  concrete 
form  of  construction  as  it  is  now  used  in  the  borough  for  floors,  beams,  columns,  piers,  etc. 

M.   Noel  Ridley,   M.Inst.C.E.,   M.C.L 
I,  Mitre  Court,  Temple,  E.C., 

July  nth,  1912.  
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A 'very  interesting  piece  of  reinforced  concrete  "work  has  recently  been  carried  out  in  the 
erection  of  the  Lecture  Hall  at  York  Museum.  This  luas  built  on  the  site  of  an  old  Abbey, 
some  of  the  ruins  of  ivhich  ■were  incorporated  in  the  ne'w  structure.  Details  of  the  tvork 
are  given  below. — ED. 


This  hall  has  been  erected  on  the  site  of  St.  Mary's  Abbey,  and  forms  an 
addition  to  the  Yorkshire  Philosophical  Society's  Museum  at  York;  and  it  is 
interesting-  to  note  that  the  ruins  of  the  Abbey  were  not  disturbed,  but  where 
necessary  were  incorporated  in  the  new  work,  and  this  to  a  certain  extent 
influenced  the  foundation  work  during  execution. 

The  building  was  designed  by  Mr.  E.  Ridsdale  Tate,  architect,  of 
York,  and  is  constructed  entirely  of  reinforced  concrete  on  the  Kahn  system, 
designed  by  the  Trussed  Concrete  Steel  Co.,  Ltd.,  of  \\'estminster. 


Fig.  1.     Interior  View  of  Hall. 
Lecture  Hall,  York  Museum. 
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One      inter- 
esting-       feature 
is     that    all    the 
cornices      and 
other   mouldings 
were       cast       at 
the   time   of   the 
construction,  and 
the  whole  of  the 
exposed     s  u  r- 
faces,    including 
the     walls,      are 
just  as  they  left 
the    centering, 
with    the    excep- 
tion    that     they 
h  a  \-  e    been 
cleaned       down. 
This    entailed 
great      care      in 
putting   together 
the       wooden 
forms,     but 
saved  the  neces- 
sity of  rendering- 
or  other  surface 
treatment,      and 
guaranteed         a 
permanent 
finish.         The 
whole      of      the 
e  n  rich  ments 
were     also     cast 
in  situ,   and  the 
results     are     re- 
markably   good. 
The       foun- 
dations       are 
carried       on       a 
bed      of      c  1  a  v 
w  h  i  c  h      exists 
about      5      ft. 
below     the     sur- 
face,      and       as 
some       of       the 
ruined    walls    of 
the    Abbey   were 
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existing-  at  certain  points  they  were  utilised  to  carry  portions  of  the  new  work 
after  careful  investig-ations  and  calculations  had  been  made,  and  the  bearing 
capacity  of  the  soil  had  been  ascertained.  A  great  deal  of  trouble  and  time 
were  expended  in  these  preliminary  investigations  to  prevent  the 
possibility  of  any  future  unequal  settlement,  and  the  result  has  been  highly 
successful. 

The  new  building  consists  of  a  lecture  hall  about  78  ft.   long  and  47  ft. 
wide,  with  a  height  of  31  ft.  6  in.   from  the  lowest  level  of  the  hall  floor,  and 


£leuofion  o/S/b/rs  on  ££  ' 


Fig.  4.     Section  Showing  Construction  of  Highest  Tiers. 
Lecture  Hall,  York  Museum. 

the  general  arrangement  of  the  beams,  etc.,  is  shown  on  the  plan"  illustrated 
in  Fig.  2.  The  purpose  of  the  hall  necessitated  the  floor  being  constructed  in 
tiers,  which  rise  up  to  a  height  of  about  18  ft.  6  in.,  as  shown  in  the  sections 
indicated  in  Figs.  3  and  4,  and  this  greatly  influenced  the  design.  These  tiers 
were  formed  with  a  rise  of  10  to  12  in.  and  a  width  of  either  3  ft.  or  3  ft.  6  in., 
according  to  the  position,  and  were  carried  on  stringer  beams  placed  at  about 
lo-ft.  centres  Generally  speaking,  the  riser  beams  were  constructed  with  a 
thickness  of  4  in.  and  reinforced  with  one  |-in.  Kahn  bar  in  the  lower  surface 
and  one  i-in.  continuous  Rib  bar  in  the  upper  surface,  while  the  tread  was 
formed   as   a   slab   3   in.    thick,    reinforced   with   iVin.    diameter   rods   at   7-in. 
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centres.  The  stringer  beams  were  supported  on  the  main  beams,  which  were 
placed  at  distances  of  lo  ft.  to  12  ft.  apart,  and  the  size  of  these  stringer  beams 
varied  from  2j  in.  by  10  in.  to  18  in.  by  10  in.,  the  former  of  these  beino- 
reinforced  with  two  J-in.  Kahn  bars  in  the  lower  surface. 

A  series  of  tests  were  conducted  by  Mr.   F.  W.   Spurr,  the  City  Eneineer, 
on  behalf  of  the  York  Corporation,  and  in  every  case  th'^.  load  applied  was  i^ 

times  that  which 
the  member  was 
calculated  to  carry. 
The  photog-raph  in 
Fig.  5  shows  the 
test  on  one  of  these 
string-er  beams 
when  the  load 
equalled  iij  tons 
over  an  area  of 
8  ft.  10  in.  by  10  ft., 
and  although  the 
permissible  deflec- 
tion was  "294  in. 
the  actual  deflec- 
tion under  the  test 
load  was  onlv 
■027  in.  ;  and  such  a 
result  must  be  con- 
sidered h  i  g'  h  1  y 
satisfactory. 

T  h  e  beams 
carrying-  the 
stringers  had  large 
spans  owing  to  the 
fact  that  only  one 
row  of  columns 
w  a  s  provided 
under  the  main 
body  of  the  hall, 
and  this  was  placed 
at  a  discan.ce  of 
10  ft.  from  the 
north  wall,  thus 
leaving  a  distance 
of    35     ft.     as    the 

Fiy.  6.     Test  on  .\Uiu  Kooi  iieam.  clcar        SpaU         from 

Lecture  Hall,  York  Museum.  SUch       Columns       tO 

the     south     wall.       A     typical     beam     is     that     illustrated     in     Fig.     2,     this 
carrying    the    ends     of     three     stringer    beams     on     either     side     and     having 


Fig.  5.     Test  on  Floor  Beam  and  Raking  Stringer. 
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an  over-all  size  of  36  in.  by  14  in.  The  reinforcement  consisted 
of  three  i|-in.  Kahn  bars  and  six  ji-in.  Rib  bars,  all  placed  in  the 
tension  area:  and  the  test  on  this  beam,  which  is  also  illustrated  in 
Fig.  5,  consisted  of  loading-  a  floor  area  of  35  ft.  by  10  ft.  with  40I  tons 
of  ballast,  such  load  producing-  a  deflection  of  only  "047  in.,  whereas  the  per- 
missible deflection  was  rT66  in.  The  lowest  portion  of  the  floor,  which  is 
horizontal  for  a  distance  of  about  16  ft.  from  the  west  wall,  is  formed  with 
7  in.  of  concrete,  reinforced  with  ^-in.  Kahn  bars  at  g-in.  centres  for  10  ft. 
of  the  distance,  and  the  eastern  edge  is  supported  bv  three  beams,  one  of  which 

Jl 
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Fig.  8.     Roof  Plan  and  Details. 
Lecti're  Halt,,  York  Museum. 

has  a  span  of  26  ft.  9  in.  and  a  size  of  2-j  in.  by  10  in.,  reinforced  with  two 
if-in.  Kahn  bars  and  five  i-in.  Rib  bars  in  the  lower  surface  and  two  if-in. 
Kahn  bars  and  four  i-in.  Rib  bars  in  the  upper  surface.  This  beam  was 
tested  by  loading  a  floor  area  of  26  ft.  9  in.  by  10  ft.  3  in.  with  32  tons  of 
ballast  in  bags,  giving  a  load  equal  to  2^  cwt.  per  sq.  ft.,  when  the  greatest 
deflection  was  only  -066  of  an  inch,  whereas  the  permissible  amount  was  -890 
of  an  inch. 
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Other  typical  floor  details  are  those  illustrated  in  Fig.  7,  which  shows  a 
section  of  the  tread  and  riser  and  a  large  beam  having-  a  span  of  39  ft.  8  in,, 
which  occurs  at  the  highest  level  of  the  floor.  This  beam  carries  the  ends  of 
three  stringer  beams  and  one  edge  of  the  7-in.  slab  which  forms  the  floor 
between  the  beam  and  the  east  wall,  and  it  has  a  depth  of  45  in.  and  a  width 
of  14  in.,  with  reinforcement  on  the  lower  surface  of  three  if-in.  Kahn  bars, 
three  i-in.  Rib  bars,  and  three  |-in.  Kib  bars.  The  northern  end  of  tliis  beam 
is  carried  on  a  column  21  in.  by  18  in.,  reinforced  with  six  |-in.  Rib  bars  and 
T%-in.  wire  ties  at  12-in.  centres,  which  is  carried  down  to  the  top  of  an  existing 
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Fit;.  9.     Details  of  Wall  Construct  on. 
Lecture  Hall,  York  MosEum. 


masonry  wall,  which  is  about  5  ft.  6  in.  below  the  ground-floor  level,  in  such  a 
manner  that  part  of  the  column  comes  on  the  wall  and  the  remainder  is  carried 
on  a  reinforced  pier  4  ft.  by  18  in.,  constructed  against  the  wall,  and  carried 
down  a  further  distance  of  9  ft.,  where  it  is  carried  on  a  foundation  8  ft.  by 
4  ft.  2  in.,  well  reinforced;  the  southern  end  of  the  beam  being  supported 
on  an  existing  wall  with  a  reinforced  concrete  template  28  in.  deep,  5  ft.  long, 
and  carried  18  in.  into  the  wall,  with  two  f-in.  Kahn  bars  and  two  J-in.  Rib 
bars  as  reinforcement.      This   example   should    serve   as   an   illustration   of   the 
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variation  of  design  that  was  required  to  adapt  the  new  work  to  its  position, 
giving  a  great  deal  of  interest  not  ordinarily  met  with. 


The  plan  of  the  roof  is  illustrated  in  Fig.   8,  and  it  will  be  seen  that  the 
whole  of  this   is  constructed   of  reinforced  concrete,   being  formed  with   main 
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beams,  secondary  beams,  and  slabs.  The  secondary  beams,  liowcNcr,  are 
merely  false  beams,  12  in.  wide,  reinforced  with  one  f-in.  Kahn  bar,  introduced 
for  the  purpose  of  effect  on  the  ceiling,  as  illustrated  in  the  photog"raph  of  the 
interior,  Fig.   i. 

The  main  beams  arc  interesting,  as  they  have  a  clear  span  of  46  ft.  8  in., 
claimed  to  be  the  largest  span  of  any  flat  beams  in  this  country,  and  the 
size  is  36  in.  by  18  in.,  with  reinforcement  in  the  tension  area  of  four  i|-in. 
Kahn  bars,  and  five  i-in.  Rib.  bars,  while  two  if-in.  Kahn  bars  are  introduced 
in  the  compression  area  for  a  distance  of  14  ft.  on  either  side  of  the  centre  of 
the  span,  the  two  sets  being  connected  together  with  rs-'m.  diameter  links 
spaced  at  12-in.  centres.  These  beams  carried  a  roof  area  of  46  ft.  8  in.  by 
10  ft.,  and  a  test  was  conducted,  as  illustrated  on  Fig.  6,  by  loading  this  area 
with  i2i  tons  of  ballast,  being  60  lb.  to  the  square  foot.  The  deflection  at  the 
centre  of  the  beam  under  this  load  was  only  '043  in.,  whereas  the  permissible 
deflection  was  i'555  in.,  such  a  result  being  eminently  satisfactory.  The  roof 
slabs,  carried  by  these  beams,  have  a  span  of  about  10  ft.,  and  they  were  con- 
structed of  concrete  5  in.  thick  reinforced  with  h-'m.  Rib  bars  at  13-in.  centres, 
with  f-in.  Rib  bars  to  preserve  continuity,  4  ft.  long,  placed  at  13-in.  centres 
over  the  main  beams. 

Several  openings  for  ventilation  purposes  were  required  in  the  slabs, 
and  additional  reinforcement  was  provided  around  these.  A  small  tank  chamber 
was  also  formed  in  reinforced  concrete  in  one  corner  of  the  roof,  and  this 
was  6  ft.  square,  inside  sizes,  and  5  ft.  deep,  with  4-in.  walls  and  f-in.  Rib 
bars  vertically  and  horizontally. 

The  type  of  construction  employed  for  the  walls  is  illustrated  in  Fig.  9, 
and  it  will  be  seen  that  wall  columns  ^vere  carried  down  under  the  main  beams, 
and  the  panels  between  were  formed  \\ith  4  in.  of  concrete,  reinforced  generally 
with  f-in.  Rib  bars  horizontally  and  vertically.  The  south  wall  was  constructed 
upon  an  existing  wall,  the  top  of  which  was  about  15  ft.  above  the  ground- 
floor  level,  and  a  base  beam  10  in.  wide  was  formed  to  distribute  the  weight 
over  same.  A  workroom  floor  was  constructed  under  a  portion  of  the  hall, 
where  the  height  under  the  tiers  permitted  this,  and  consequently  some  of  the 
internal  columns  were  extended  through  this. 

A  typical  column  section  was  10  in.  square,  reinforced  with  four  ^-in. 
Rib  bars  and  fc-in.  diameter  binding  at  g-in.  centres,  increased  to  12  in.  square 
where  supporting  workroom  floor,  reinforced  with  four  i-in.  Rib  bars  and 
similar  binding. 

The  wail  columns  varied  according  to  their  position,  but,  generally  speak- 
ing, they  were  reinforced  with  six  |-in.  Rib  bars  and  tV-in.  diameter  links 
spaced  at  12-in.  centres.  There  were  really  three  types  employed — viz.,  single 
wall  columns,  twin  columns,  and  angle  columns,  and  the  size  and  position 
w^ere  governed  by  the  architect's  drawings. 

The  photograph  illustrated  in  Fig.  10  shows  the  finished  building  on  the 
north  side,  and  it  will  be  seen  that  a  porch  was  constructed  here,  this  coming 
over  the  ruined  wall  of  the  south  transept  of  ihe  abbey.  The  porch  was 
formed  in  reinforced  concrete,  together  with  the  steps  leading  up  to  the  floor 
level.      In  this  view  some  of  the  remains  of  the  abbey  can  be  seen,   and  it  is 
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symbolical  of  the  progress  of  modern  times  that  the  old  masonry  building 
erected  many  years  ago  in  the  Gothic  style  should  be  replaced  by  a  Renaissance 
building  constructed  of  reinforced  concrete  and  designed  on  highly  scientific 
lines. 

The  building  throughout  is  admirably  designed  and  constructed,  and  the 
City  Engineer  reported  that  the  tests  were  yery  satisfactory,  thus  reflecting 
great  credit  on  all  concerned.  The  contractors  for  the  \york  \yere  Messrs. 
J.  &:  T.  Biscomb  &  Sons,  of  York. 


Fig.  11.     Lower  Hall  and  Architectural  Museum. 
Lecture  H.\ll,  York  Museum. 
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BENDING    MOMENTS    IN 

BEAMS     WITH     PARTLY 

FIXED    ENDS 

AND  THE  BENDING  MOMENTS  THEY 
PRODUCE  IN  THEIR  SUPPORTS. 


ni 


By   H.   KRUSE,   M.Inst.C.E.  Corenhagen. 

The  following  article  on  the  Bending  Moments  of  Beams  ivill  be  interesting,  in  V'eiu  of 
Mr.  Be'iar' s  lecture  before  the  Concrete  Institute  published  in  our  July  issue.  We  may  say 
that  the  present  contribution  ivas  recei^jed  by  us  some  time  before  Mr.  Behar' s  paper  ivas 
read.— ED.  

The  question  of  figuring  out  the  exact  bending  moments  in  beams  with  partly 
fixed  ends  or  in  continuous  beams  is,  with  a  few  exceptions,  receiving  little  or  no 
consideration  from  designers  of  reinforced  concrete  structures,  although  this 
method  of  construction  offers  many  opportunities  where  such  calculations  would 
be  of  economical  value  and  where  they  are  absolutely  necessary  in  order  to  know 
the  strength  of  the  structure. 

If  we  take  the  case  of  a  beam  simply  supported  at  the  ends  and  uniformly 
loaded  with  W,  we  know  that  the  bending  moment  at  the  centre  of  the  beam  is 
Wl 


and  the  moments  at  the  ends  of  the  beam  are  0. 


Wl 


If  the  beam  is  fully  fixed  at  the  ends  the  bending  moments  are    — -  at  the 

24 

Wl 
centre,  and  — —  at  the  ends.     It  will  be  seen  that  in  a  beam  partly  fixed  at  the 

Wl  Wl 

ends  the  bending  moments  may  vary  from    -—    to    —   at  the  centre  and  from 

8  Zt 

Wl 
0  to  —  at  the  ends  according  to  the  degree  of  fixedness,  and  this  variation  is  so 

12 

large  that  it  deserves  some  consideration. 

In  the  following  remarks  the  writer  endeavours  to  solve  some  of  the  most 
ordinary  cases  without  the  use  of  infinitesimal  calculus,  and  the  method  used  is 
based  on  the  following  maxim  : 

The  angular  deflection,  or  the  angle  a  deflected  beam  forms  with  its  original 

horizontal  axis,  is  found  as  the  shearing  force  in  an  imaginary  beam  of  same  span, 

M 
simply  supported  at  the  ends,  and  loaded  with  y^,  M  being  the  bending  moment 

diagram  for  the  original  beam,  /  its  moment 
of  inertia,  and  E  the  modulus  of  elasticity  of 
the  material. 

1st  Case  (see  Fig.  l). — A  horizontal   beam   is 

supported  at  each  end  by  a  column,  to  which  it  is 

rigidly    connected.     Considering    the  column  first 

by  itself,  it  may  be  taken  as  a  beam  fixed  at  the 

lower    end     B,     where     it    is     connected     to    the 
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foundation,    and   acted  upon  at   the    upper    end   A   by   a   bending    moment    Ma, 
produced  by  the  beam  (see  Fig.  2). 

The  bending  moment  Ma  acting  on  AB  pro- 
,Mtt       duces  a  reacting  bending  moment  Mb  at  the  end 
B,  where   it   is   fixed,   and    the    bending  moment 
B  ^  ^  diagram  will  therefore  be  represented  by  the  area 

BACD   (see  Fig.   3),  and   we  now   consider  the 
imaginary  beam  AB  loaded  with  this  area. 

The    shearing  force  at   B  in   the  imaginary 
beam  is  the  reaction  B  from  the  area  BACD. 

We   divide   BACD    into  the   two    triangles, 
BAD  and  ADC. 

Area  of  A  BAD  is  —7-^,  and  the  distance  from 


FIQ  2. 


Area  of  A  ADC 


nG.3. 


Its  centre  or  gravity  to  A  is  — . 

is  —;r,  and  the  distance  from  its  centre  of  gravity 

to  A  IS  ^• 


By  taking  the  moment  about  A  we  get  : 

D,  _hMb  2h ^hMg  h _Mf,h- ^Mgh- _h\2M„  +  Ma) 

or  B  = 

6 

The  angular  deflection  /?  of  the  column  at  B  is  then : 

I^^B  _h(2M^  +  Ma) 

EL  6EL 


(1) 


where  /c  is  the  moment  of  inertia  of  the  column. 

As  the  column  for  which  we  want  to  find  the  angular  deflection  is  fixed  at  B 

Ma 

we  must  have  f^  =  0,  and  consequently  ;   2Mb  +  M.j  — O  or  Mb=  — ~,  which  means 

that  the  moment  produced  at  the  lower  fixed  end  of  the  column  is  acting  opposite 
to  and  half  as  big  as  Ma.  By  taking  the  moment  about  B  we  get  in  the  same 
way  as  before : 


Ah 


. IjMj,  h ^ I}M_a  2h ^ /?-(Mb  +  2Mj 

2     3        2      3  6 

.  _h{M^  +  2Ma)       ,        „  Ma 

or  A  =  — ^^ — and  as  Mb  =  —  — ~ 

6  2 

Ma 


A  = 


/.(-V+2M.) 


h  M. 


F\<^:  M- 


6  4 

The  angular  deflection  at  A  will  then  be  : 

^-    A      _hMa 

EIc     AEIc 

In  Fig.  4  is  shown  the  bending  moment  diagram  for 
the  column  AB.     From  the  Fig.  we  see  : 


(2) 
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ica^asnYl 


hz     M„  3  3 

and  it  is  thus  seen  that  the  point  of  contraflexure  in  the  column  is  situated  at  a 
distance  of  one-third  of  its  height  from  the  bwer  end. 


•N. 


Z 


/^ 


f^, 


1 


-^ 


A, 


\-^5i___A>^K    "G  = 


We  will  now  have  to  consider  the  beam 
supported  by  the  columns  (see  Fig.  5).  The 
load  on  the  beam  is  the  uniformly  distributed 
load  W. 

The    bending    moment     on    the     beam,    if 
1^^^^  simply  supported  at  the  ends,  would  be  repre- 
sented by  the  parabola  AGB  (see  Fig.  6)  where 

Wl 

,  but  on  account  of  the   ends  of  the 


^4 


beam  being  partly  fixed,  the  end  moments 
Ma  and  Mi,  are  produced,  and  the  resulting 
bending  moment  diagram  will  be  as  shown  by 
the  shaded  area  in  Fig.  6. 

The  angular  deflection  oc  i  of  the  beam 
AB  a.t  A  we  get  by  considering  an  imaginary 
beam  loaded  with  the  bending  moment  diagram. 
The  shearing  force  at  A  in  the  imaginary  beam 
AB  is  the  reaction  A  from  the  bending  moment 
diagram. 
Wl  21^  WV 
8     3         12  ' 


and  the  reaction   from  this  at  A    is 


,  and  putting 
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Wl 


=  M, 


A        Ml 
A.=-j. 


The  area 


of  ABCD  is  '^^''  ,  and  the  reaction  from  this  at  A  is 


2    3 
The  resultant  reaction  at  a  is  then : 


/M"  2  ^  /MM  _  /(2M.  +  MJ 


2    3 


Ml     l{2Ma  +  M,) 


A=A,-A,  =  ~ 

J  o 

The  moment  of  inertia  of  the  beam  being  /b,  we  have  : 

_   A    _   Ml       1{2M.,  +  M„) 
'^'     EIb     3EIb  6EIb 

In  a  similar  way  we  get  the  angular  deflection  of  the  beam  at  B 
Q  _    B   _   Ml   _l{Ma  +  2M„) 
EIb     3EIb  6EIb 

As  the  beam  is  rigidly  connected  to  the  columns  at  A  and  B,  it  follows  that  the 
angular  deflections  at  those  points  must   be  of  the  same  size  for  the  beam  and 


(3) 


(4) 


columns,  and  we  must,  therefore,  have 
For  the  column  at  A  we  have  : 

a  =  Mi^,  and  for  the  column  at  B 
AEIc 

we  get : 
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hMa  _    Ml         l{2Ma  +  M^) 


AEIc     3EIb  6EIi 


(5) 


//,Mh^   Ml       /(M.,  +  2Mft)  ^g^ 

In  most  cases  the  columns  are  of  the  same  height  and  same  size,  and  we  then 
have,  on  account  of  the  symmetry,  Ma  =  Mb.      Putting  Ma^Mu  in  (5),  we  get  : 
hM„  _   Ml         Mai  ^r  f  h    .     /  \      M/ 


and  then 


■\EIc     3EIb     2EIj 

Ml  M 


M. 


H/c     2Ib'      ^11 
and  putting  — rf'~^ 

^"=r^+c "' 

We  have  now  found  the  value  of  M.,  expressed  by  M  and  C. 

From  the  expression  for  C  it  is  seen  that  C  is  a  constant  dependent  on  the 
dimensions  of  the  columns  and  beam,  and  those  dimensions  must  therefore  be 
known  before  M„  can  be  found.  The  expression  for  C  shows  that  the  larger  the 
beam  is  in  proportion  to  the  columns,  and  the  shorter  its  length  in  proportion 
to  the  height  of  the  columns,  the  smaller  Ma  will  be. 

If  the  columns  are  very  large  in  proportion  to  the  beam,  C  will  be  small,  and 
Ma  will  reach  its  maximum  value,  for  C^O.  Of  course,  C  can  never  reach  the 
value  of  zero,  but  it  may  be  so  small  as  to  be  practically  negligible. 

Putting  C  =  0,  we  get : 

"      VS     8Xr5      12' 
which  means  that  the  beam  in  this  case  is  fully  fixed  at  the  ends,  and  the  maximum 
bending  moment  at  the  centre  of  the  beam  will  then  be  : 

Wl      Wl      Wl 
8        12       24 
For  use  in  practical  designing  the  formula  (7)  may  be  employed  in  different 
ways  according  to  the  nature  of  the  case  in  hand.      If,  in  the  case  considered,  the 
beam  will  evidently  be  large  compared  to  the  columns,  the  beam  is  first  designed 

for  a  bending  moment  of     ^     at  the  centre,  and  the  columns  designed  for  direct 

compression,  using  a  rather  low  working  stress.     lu,  h,  l>   and  /  are  then  known, 

and  C  and  M,,  may  be  found. 

Wl 
The  beam  is  then  redesigned  for  a  bending  moment  of  —  —  A7„  at  the  centre, 

8 

and  the  columns  for  the  direct  compression  and  the  moment  M„  acting  at  the  top. 

In  many  cases  it  may  be  advantageous,  and  will  also  simplify  the  calculations, 

first  to  decide  the  value  of  M„. 

Wl 
For  mstance,  M.,  may  be  taken  as  — - ,  and  the  bending  moment  at  the  centre 

16 
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of  the  beam  will  then  be      -  —  — r=  :; — ,  or  equal  to  Ma,  and  the  beam  is  then 

8        lo       Ifc) 

designed  according  to  those  bending  moments.      From  (7)  we  get : 

Wl 

r5  +  C  =  — =  ^-=2     or    C  =  2-V5  =  0'5, 

16 
and  as 

^_3/z/b    t  -3hlB_3hlB 


MIc'  ^IC       21    ' 

which  gives  the  moment  of  inertia  of  the  columns. 

In  regard  to  the  columns,  they  have  to  be  designed  for  a  central  load  P, 
being  the  reaction  from  the  beam  and  for  the  bending  moment  Ma,  acting  at  the 
top  of  the  beam.  If  the  cross  sectional  area  of  the  column  is  s,  and  the  distance 
from  the  neutral  axis  to  the  extreme  fibres  is  e,  we  have  the  stress  in  the  top 
section  of  the  column  : 

C^P+M^^ 

s  Ic 

We  have  so  far  supposed  that  the  columns  supporting  the  beam  are  of  same 
height,  but  should  not  this  be  the  case  Ma  and  Mb  will  be  different,  and  we  then 
hav^e  the  equations  (5)  and  (6)  to  solve  the  problem. 

Those  equations  may  be  solved  for  Ma  and  Mb,  but  the  method  then  leads  to 
rather  complicated  calculations,  both  in  regard  to  columns  and  beam. 

An  easier  method  to  solve  the  problem  in  this  case  is  to  try  and  get  M.,  to  be 
equal  to  Mft,  as  the  beam  then  will  be  symmetrical  as  when  the  columns  are  of 
same  height.  That  Ma  is  equal  to  Mb  means  that  the  angular  deflections  of  the 
two  ends  of  the  beam  will  be  of  same  size,  but  in  that  case  must  also  the 
angular  deflections  of  the  columns  at  A  and  B  be  of  equal  size,  or  we  must  have 

hMa  _luMb 


<x=/3    or 
and  as  Ma^Mb 


AEl,      4E/e 

Ic        Id 

From  this  it  will  be  seen,  that  if  the  proportions  between  the  heights  of  the 
columns  and  their  moments  of  inertia  are  of  equal  size,  the  bending  moments 
Ma  and  Mb  acting  on  the  ends  of  the  beam  will  also  be  of  equal  size.  For 
columns  of  different  heights  we  can  therefore  make  the  ca'culations  in  the  same 
way  as  for  columns  of  equal  heights,  and  use,  for  instance,  the  length  of  the 
shorter  column  in  the  calculations ;  only,  it  must  then  be  remembered,  that  the 
moment  of  inertia  of  the  longer  columns  must  afterwards  be  increased  in  the 
same  ratio  as  it  is  longer  than  the  shorter  column. 

(To  be  continued). 
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AT     THE      NATIONAL 
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USERS. 


^■■u  reports  tuere   presenicu.        irc    a/t  yi-um^   ii 
shall  publish  several  others  in  future  issues. — ED. 


CONCRETE  TELEGRAPH  POLES  ACROSS  MARSHY  GROUND 

By  GEORGE  GIBBS,  Consulting  Engineer,  Pennsylvania  Railroad. 

Among  the  facilities  required  on  the  New  York  Terminal  Division  of  the  Pennsylvania 
Railroad  was  the  Railroad  Company's  telephone  service.     The   line  for  this  purpose 


Setting  a  Telegraph  Pole. 
Concrete  Telegraph  Poles  .Across  Marshy  Ground 
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forms  an   extension  of  the  Nfw   YorU-Philack-lphia  main  line,  from   its  point  o{  inter- 
section with  the  Terminal  Division  at  the  east  side  of  the  Passaic  River  near  Newark, 


N.J.,  and  consists  of  a  pole  line  along  the  right  of  way  across  a  continuous  five  mile 
stretch  of  semi-tidal  meadow  swamp  land  known  as  the  "  Hackensack  Meadows,"  to 
580 
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the  tunnel  portal  at  Bergen  Hill,  the  Hackensack  River  being  crossed  midway  of  the 
section.  The  ground  surface  is  covered  with  a  heavy  growth  of  reeds,  and  the  top 
stratum  is  a  peaty  bog,  from  8  to  15  ft.  deep,  underlaid  with  varying  strata  of  clay,  fine 
sand,  and  mixed  sand  and  clay  for  very  considerable  depths.  It  will  be  seen,  there- 
fore, that  the  problem  was  to  provide  a  design  of  pole  which  would  not  onlv  be  strong 
in  itself,  but  which  could  be  set  in  a  stable  foundation  in  a  soft  and  uncertain  ground. 
It  was  desired  to  make  the  line  entirely  secure  against  interruption  by  severe  storms 
or  by  fires  in  the  swamp  reeds.  It  appeared,  under  these  conditions,  that  the  ordinary 
type  of  wooden  pole  would  not  be  wholly  satisfactory,  either  as  regards  strength  for 
such  a  heavy  service  or  safet}^  as  regards  the  frequent  meadow  fires. 

The  use  of  reinforced  concrete  poles  for  the  purpose  appealed  to  us,  but  very  little 
reliable  data  about  either  the  cost  or  service  from  such  design  was  obtainable.  In 
Europe  the  author  had  observed  the  quite  extensive  use  of  concrete  poles,  chiefly  for 
electric  transmission  purposes,  but  details  of  their  construction  were  not  at  hand. 
These  poles  are  frequently  of  structural,  steel  covered  with  a  protective  coating  of 
concrete,  and  sometimes  are  of  wood  encased  in  concrete,  and  much  ingenuity  has 
been  expended  in  devising  special  forms  of  composite  poles,  but  with  what  practical 
success  it  is  difficult  yet  to  say. 

The  desirability,  however,  of  securing  a  strong  fireproof  line  across  this  section 
of  our  road  was  so  great  that  the  writer  undertook  to  design  in  his  office  a  simple  form 
of  reinforced  concrete  pole,  which  could  be  manufactured  on  or  near  the  work  and 
at  a  cost  which  would  not  be  prohibitive.  Without  previous  data  to  go  upon  the 
design  evolved  is  somewhat  experimental,  and  probably  the  notes  here  given  will  not 
be  of  very  great  assistance  in  fixing  a  precedent  for  an  ordinary  telegraph  pole,  as  our 
conditions  called  for  heavier  construction  than  usually  required  of  such  lines.  The 
data,  however,  is  given  for  what  it  is  worth,  as  indicating  a  heavy  and  difficult  piece 
of  construction  for  a  special  problem. 

There  were  202  poles  required,  spaced  from  70  to  135  ft.  apart,  with  an  average 
standard  spacing  of  120  ft.,  the  variations  in  span  being  due  to  numerous  railway  and 
highway  crossings.  The  height  of  the  top  of  poles  above  the  ground  also  varies  for 
the  local  conditions  from  25  to  50  ft.,  and  the  total  length  of  poles  from  35  to  65  ft. 
The  loading  called  for  an  ultimate  capacity  of  60  open  telegraph  wires  and  two  40-pair 
telephone  cables  and  one  signal  control  cable.  The  open  wires  are  of  copper,  Nos.  7 
and  8  B.  &•  S.  gauge,  and  the  cables  Nos.  13  and  16  B.  &•  S.  gauge  insulated  wire, 
with  a  lead  covering.  The  cables  are  carried  by  steel  messenger  wires.  The  weight 
of  the  wires  and  cables  is  loi  pounds  per  running  foot,  giving  a  total  loading  for  the 
average  span  of  1,268  pounds  per  pole,  or  including  cross  arms,  insulators,  brackets 
and  fittings,  1,500  pounds  per  pole.  In  addition  to  this  static  vertical  loading,  emer- 
gency conditions  were  assumed  of  an  extra  loading  of  half  inch  of  ice  on  the  wires  and 
a  wind  pressure  of  8  pounds  per  sq.  ft.  on  wires  and  13  pounds  per  sq.  ft.  on  the 
poles.  The  stresses  under  these  conditions  not  to  exceed  the  elastic  limits  of  the  wires 
and  of  the  carrying  structures.  These  assumptions  are  equivalent  to  a  vertical  loading 
of  7,600  pounds  per  pole  and  a  horizontal  force  of  4,000  pounds  exerted  one  foot  below 
the  pole  top.  The  normal  sag  of  the  wires  at  60  degrees  Fahrenheit  temperature  is 
4I  in.  and  a  normal  tension  of  2/3  pounds  for  No.  8  wires  and  130  pounds  for  No.  9. 
The  maximum  hot  sag  at  130  degrees  Fahrenheit  is  11  in.;  the  tension  in  the  wires 
under  maximum  wind  pressure  with  the  ice  loading  at  20  degrees  Fahrenheit  is  702 
pounds  and  470  pounds  respectively  for  the  two  sizes  of  wires. 

The  design  adopted  is  that  of  a  tapering,  smooth  surface,  reinforced  concrete  pole, 
square  in  cross  section  with  chamfered  corners  and  having  a  taper  of  |  in.  in  5  ft. 
The  concrete  is  of  I5  :  2  :  4  mixture,  assumed  to  have  an  ultimate  strength  in  com- 
pression of  2,000  pounds  per  square  inch.    The  reinforcement  is  composed  of  mechanical 
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bond  bars  tied  toj^ether  into  a  scjuare  skeleton  frame,  and  in  the  r()nij)lete  pole  this 
reinforcement  is  covered  by  a  one-inch  minimum  ihickm-ss  of  concrete.  The  follow- 
ing table  gives  details  of  the  complete  construction. 

In  order  to  manufacture  the  poles  economically  a  yard  was  established  adjacent 
to  the  right  of  way  and  with  side  track  connections  for  deliverv  of  materials.  The 
ground  was  levelled  and  set  with  stringer  pieces,  3  ft.  apart,  of  old  wooden  car  sills, 
so  as  to  furnish  a  convenient  surface  upon  which  to  erect  the  timber  forms.  This  yard 
permitted  of  the  simultaneous  manufacture  of  six  poles  and  the  storing  in  place  of 
ninety  poles  during  the  period  of  seasoning.  In  the  process  of  manufacture  the  skeleton 
reinforcement  is  first  made  up,  the  twisted  steel  mechanical  bond  bars  being  tied 
together  to  form  a  square  skeleton  frame;  this  frame  is  then  suspended  at  the  proper 
height  above  the  ground  and  the  sectional  wooden  frames  put  in  position  around  it. 
The  concrete  mixture  is  then  poured  in  and  carefully  tamped.  In  this  wav  six  poles 
were  made  per  day  and  were  left  in  place  at  least  sixteen  days  to  season. 

Table  of~  Concrete  Poles. 
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After  a  number  of  experiments  it  was  found  best  to  set  the  poles  in  pits  excavated 
in  the  marshy  stratum.     These  pits  were  generally  about  9  ft.  square  and  5  ft.  deep, 
and  a  timber  grillage  was  placed  around  the  base  of  each  pole,  and  about  5  ft.  below 
the  top  of  the  ground.     This  grillage  consisted  of  six  track  cross-ties  bolted  together 
and  to  the  pole,  and  partly  planked  over  by  3-in.   rough  lumber.     The  pole,    which 
projected  below  the  grillage  and  was  pointed  at  the  butt,   was  jetted   dow-n  by  com- 
pressed air  into  the  sandv  layer,  so  that  the  grillage  would  rest  at  the  bottom  of  the 
pit.     The  pits  were  then  back-filled  with  rock  and  clay.     Poles  on   curves  are  cross- 
guyed,  and  the  terminal  and  railway  crossing  poles  are  head-guyed  with  steel  cables. 

In  order  to  determine  the  stability  of  the  foundations,  as  above  described,  as  well 
as  the  transverse  strength  of  the  pole  itself,  a  test  was  made  of  a  c5-ft.  pole  set  in 
a  13-ft.  deep  foundation.     The  test  consisted  in  applying  a  horizontal  pull  39-5  ft.  from 
the  ground.    The  breaking  load  was  4,360  pounds  and  the  point  of  fracture  20  ft.  from 
the   ground,  at  the  top  of  the  32-ft.   reinforcement  bars.      The  foundation    itself  was 
found  to  be  amply  secure. 

The  actual  cost   of  labour  and  material   for  manufacture   of  these  poles,   reduced 
to  a  unit  cost  for  an  average  length  pole   of  40  ft.,   weighing   7,600  pounds,    was  as 
follows  : — 

Forms — labour  and  material  ...  ...  ...  ...  ...   $19.00 

Concrete — labour  and  material         ...  ...  ...  ...  ...      26.50 

Reinforcement — labour  and  material  ...  ...  ...  ...      26.50 

Total   per   pole        ...  ...   $77.50 
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The  above  does  not  include  cost  of  preparing  site,  engineering,  etc.,  and  is  for 
the  bare  poles  (without  fittings  or  foundation  timbers).  To  obtaki  the  cost  of  the 
poles  erected,  there  must  be  added  the  cost  of  loading,   distribution,  foundations  and 


settmg,  cross  arms  and  fittings,  but  these  items  were  special  to  the  particular  location 
and  would  be  of  little  use  as  a  matter  of  general  information.  It  might  be  stated 
however,  that  the  cost  of  handling  and  erecting  these  heavy  poles  was  considerably 
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more   than  would  be  the  case  for  wooden  poles;   furllicrniore,   care  must   be  taken   in 
loading  and  unloading  them  and  special  appliances  are  required  for  their  erection. 

In  the  special   case  in    question   it   was  figured   that    the  cf)st   of  the   line   erected 


complete  was  not  greatly  in  excess  of  that  of  an  equally  stable  wooden  pole  line,  as  in 
order  to  meet  such  a  condition  it  would  have  been  necessary  to  employ  "  H  "  frame 
poles  and  set  them  in  equally  expensive  foundation  pits.     In  the  case  of   tliis  line  it  is 
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interesting  to  note  tliat  the  foundations  and  setting  cost  considerably  more  than  the 
poles  themselves. 

To  sum  up,  it  may  be  said  that  for  tlie  particular  case  of  this  heavy  line  having 
very  difificult  foundation  conditions,  the  use  of  a  reinforced  concrete  pole  resulted  in  a 
durable,  safe  and  neat  appearing  construction  at  little  additional  cost  to  that  of  a 
wooden  pole  line  inferior  in  all  these  respects. 

REINFORCED   CONCRETE   PILES. 

By  ROBERT  A.  CUMMINGS.  M.Am.Soc.C.E. 

It  is  well  establislied  that  concrete  piles  are  a  satisfactory  substitute  for  wooden  piles 
in  increasing  the  stability  of  foundations,  whether  they  are  of  the  "  cast-and-driven  " 
type  or  the  "  cast-in-place  "  type.  The  "  cast-and-driven  "  type  are  made  of  reinforced 
concrete,  moulded  to  the  desired  shape  and  cured  before  being  driven.  The  "  cast-in- 
place  "  type  are  made  by  forming  a  hole  in  the  ground  and  filling  it  with  concrete. 

The  history  of  the  "  cast-and-driven  "  type  is  intimately  connected  with  the 
development  of  reinforced  concrete,  and  in  the  same  manner  has  been  embarrassed 
by  patent  litigation.  In  March,  1907,  a  final  decision  was  reached  in  the  British  High 
Courts  of  Justice  that  the  fundamental  idea  of  the  reinforced  concrete  pile  was 
covered  by  Brannon's  patent  of  187 1,  and  that  subsequent  improvements  must  be 
limited  to  the  details  of  reinforcing. 

At  the  Chicago  Convention  of  the  National  Association  of  Cement  Users  in  1909 
the  writer  described  certain  tests  and  methods  of  reinforcing  for  increasing  the  unit 
value  of  concrete  in  compression.  It  is  the  application  of  one  of  these  methods  and 
other  practical   im])rovements  that  fomi  the  subject  of  this  paper. 

Method  of  Reinforcement. — All  piles  of  the  "  cast-and-driven  "  type  must  be 
reinforced  with  longitudinal  rods,  because  the  pile  is  hoisted  and  handled  by  a  line 
from  the  pile-driver,  which  is  fastened  at  or  near  the  butt.  Consequently,  the  pile  has 
to  sustain  its  own  dead  weight  by  being  raised,  as  well  as  shocks  and  impact  against 
obstacles,  before  reaching  its  position  in  the  leads  of  the  pile-driving  machine.  With 
the  point  on  the  ground  and  the  other  end  being  elevated,  the  pile  must  act  and  be 
r'esigned  as  a  beam  supporting  its  own  dead  weight  and  shocks.  The  limiting  pro- 
portions of  depth  or  thickness  of  pile  to  the  unsupported  beam  length  produces  heavy 
tension  and  compressive  stresses,  with  considerable  deflection. 

It  has  been  observed  that  when  handling  a  pile  of  this  type,  it  rarely  fails  in  com- 
pression in  the  concrete,  but  cracks  are  usually  discovered  on  the  tension  side.  These 
cracks  can  be  accounted  for  by  the  slipping  of  the  usual  longitudinal  rods  used  in  the 
concrete  while  the  pile  is  being  hoisted.  While  such  cracks  are  not  sufficiently  serious 
to  condemn  the  pile,  they  may  affect  the  permanency  of  the  reinforcement. 

In  order  to  overcome  this  defect  all  longitudinal  rods  should  be  anchored  at  the 
ends,  those  at  the  butt  opposite  each  other  being  bent  over  into  a  loop  and  welded 
together,  while  those  at  the  point  are  all  brought  together  and  electrically  welded  into 
one  piece.  Twisted  and  deformed  rods  are  advantageous  for  longitudinal  reinforcing 
as  the  allowable  bond  stress  is  higher  than  for  plain  rods. 

The  uniform  circumferential  spacing  of  longitudinal  rods  is  very  important, 
because  any  side  of  the  pile  may*be  subjected  to  tensional  stresses,  and  whichever  side 
i^■  in  tension  there  must  be  sufficient  steel  in  position  to  take  the  strain.  The  circum- 
ferential spacing  of  the  longitudinal  rods  can  be  secured  bv  means  of  a  special  spacing 
device  placed  at  intervals  of  about  5  ft.  throughout  the  length  of  the  pile. 

The  hooping  of  concrete  adds  greatly  to  its  ability  to  resist  axial  loads.  Therefore, 
longitudinal  reinforcing  should  have  a  helical  wrapping  of  wire  throughout  the  length 
of  the  pile,  the  pitch  of  which  must  not  exceed  3  in.  This  wire  wrapping  will  assist 
in  taking  care  of  diagonal  stresses  resulting  from  the  handling  of  the  pile. 
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Practical  fX[XTience  indicates  that  tho  butt  ind  of  the  pile  whicli  receives  the 
imixict  of  the  hammer  should  be  especially  reinforced.  This  has  been  done  by  means 
of  a  special  reinforcement  consisting  of  a  unit  cage  of  tlat  bands,  held  2  in.  on  centres 
by  a  spacing  bar  for  a  distance  of  2  ft.  In  the  plane  of  each  band  a  flat  wire  spiral 
ib  fastened  to  the  cage.  The  embedment  of  this  unit  cage  in  the  butt  of  the  pile  forms 
a  resilient  cushion  to  receive  the  impact  of  the  hammer.  In  no  case,  in  the  driving 
of  thousands  of  piles  with  this  cushion,  has  the  butt  itself  been  broken. 

Methods  of  Driving. —  Piles  of  the  "  cast-and-drivcn  "  type  are  handled  and 
driven  by  means  of  an  ordinary  pile-driver.  The  ability  to  vary  the  falls  of  the  drop- 
hammer  is  of  great  utilitj'  in  overcoming  the  variable  resistance  to  be  met  with  in  the 
driving.  It  has  been  found  advisable  to  increase  the  weight  of  the  ordinary  drop- 
hammer  in  ratio  of  weight  of  hammer  to  weight  of  pile  of  from  2  or  3  to  i,  so  that 
the  weight  of  the  drop-hammer  for  driving  the  concrete  piles  will  vary  from  7,000  to 
12,000  pounds. 

Steam-hammers  are  not  as  etTicient  or  desirable  for  driving  concrete  piles  as  are 
drop-hammers.  This  was  shown  last  autumn  on  a  contract  when  a  test  was  made 
between  a  steam-hammer  and  a  heavy  drop-hammer,  under  the  same  conditions, 
using  the  same  kind  and  size  of  concrete  pile.  The  heavy  drop-hammer  did  not  break 
a  pile,  whereas  the  steam-hammer  broke  several  below  the  cushion.  Further,  the 
steam-hammer  did  not  drive  as  many  piles  in  a  given  time  as  did  the  drop-hammer. 

The  following  explanation  is  offered  as  it  applies  also  to  the  driving  of  the  heavy 
steel  casings  or  core  used  in  the  making  of  the  "  cast-in^lace  "  type  of  pile.  The 
limited  fall  (3  ft.)  and  light  ram  (3,000  pounds)  of  the  steam-hammer,  while  delivering 
twice  as  many  blows  per  minute  as  the  drop-hammer,  loses  a  large  part  of  its  energy 
in  overcoming  the  proportionately  heavier  weight  of  the  pile,  steel  casing  or  core. 

The  following  analytical  treatment  by  Mr.  Barton  H.  Coffey,  M.E.,  of  New  York, 
confirms  and  justifies  the  practice  of  the  writer  in  using  hammers  as  heavy  as  12,000 
pounds  for  driving  concrete  piles,  and  it  may  be  asserted  with  some  feeling  of  con- 
fidence that,  if  penetration  is  to  be  the  gauge  for  measuring  the  supporting  power  of  a 
pile,  the  ratio  of  the  weight  of  the  hammer  to  the  weight  of  the  pile  or  core  that  is 
driven  must  be  taken  into  consideration. 

The  advantage  of  using  a  heavy  hammer  is  evident  from  the  following  analysis  : — 

^. 

Let  M  equal   Mass  of  Hammer=  — 

„      W     „       \Vt.     „  „  ^ 

,,     X      ,,       \Vt.  or  mass  of  pile  in  per  cent,  of  hammer. 
,,     F      ,,       Velocity  of  hammer  on  striking  pile. 
,,     Vi    ,,       Common  velocity  of  hammer  and  pile. 
Momentum  of  hammer  =  il/F    (on   striking  pile). 

,,  ,,  ,,        and    pile    at    common    velocity  =  .l/    (i  x  A')    Vi. 

These  are  equal  provided  no  external  force  acts,  which  we  will  assume  for  the 
present  is  the  case. 

Then  MV  =  M{i  +  X)Vi      Vi  =  y^ (I). 

The  energy  in  hammer  on  striking  pile  is — 

1/2    MV^  .         .         .        ' (II). 

The  energy  in  both  hammer  and  pile  at  common  velocity  is — 

1/2  M  (iX)   F12,  which  upon  substituting  (I)  becomes 

i!2  Mj^ (in). 

The  difference  between  (II)  and  (III)  represents  the  loss  of  kinetic  energy  in  the 
system  at  point  of  common  velocity  or  greatest  compression.  In  other  words,  the 
percentage  of  the  original  energy  of  hammer  that  has  gone  into  compressing  pile  and 
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hammer,  distorting  or  crushing  them,  and  into  heat  broadly-internal  work-done  upon 
each  other  by  the  striking  bodies.  Obviously,  the  smaller  this  percentage  of  internal 
work  the  less  liability  there  is  of  crushing  or  distorting  the  pile.     To  resume — 

(ii)-(iiii  =  i/2My--i,2Mj^.=i  2M\--'[i-^^yv 

equals  the  internal  work. 

The  following  table  gives  internal  work  for  various  values  of  A'  in  per  cent,  of  the 
total  kinetic  energy  of  the  hammer  :  — 

A'  Internal  Work. 

0*25  ...         ...         ...         ...         ...         ...  20    per    cent. 

0-50         33 

075  43 

i-oo         ...         ...         ...         ...         ...         ...  50 

1*50         ...         ...         ...         ...         ...         ...  60 

2-00  ...  ...  ...  ...  67 

3'oo         75 

If  your  hammer  weighs  four  tons  and  the  pile  one  ton,  there  will  be  20  per  cent, 
internal  work  at  maximum  compression,  whereas  if  the  pile  weighs  eight  tons  the 
internal  work  will  be  67  per  cent. 

There  is  an  external  force  acting  against  the  pile,  i.e.,  the  frictional  and  displace- 
ment resistances  of  the  earth. 

Two  extreme  cases  may  be  assumed  limiting  all  others  : — ist — There  is  no  external 
force.  There  the  internal  work  will  be  simply  that  necessary  to  overcome  the  inertia 
of  the  pile  and  put  it  in  motion.  In  this  case  the  table  is  rigorously  accurate.  2nd — 
The  external  force  is  great  enough  to  prevent  any  movement  of  the  pile.  In  this  case 
the  entire  kinetic  energy  of  the  hammer  goes  into  the  internal  work,  and  the  relative 
weights  of  hammer  and  pile  are  immaterial.  All  intermediate  cases  where  movement 
occurs  are  a  combination  of  i  and  2,  where  obviously  it  is  advantageous  to  employ  a 
heavy  hammer. 

Manufacture. —  The  procedure  in  constructing  "  cast-and-driven  "  piles  com- 
mences with  the  preparation  of  the  moulding  bed.  This,  of  course,  will  varv  with  the 
site,  but  it  is  desirable  to  select  a  flat  and  convenient  location  near  the  place  of 
driving.  It  is  very  important  that  the  bed  shall  be  stable,  so  that  settlement  due  to 
the  weight  of  the  piles  is  avoided.  Where  the  ground  is  soft  and  yielding,  pine  stakes 
2  in.  by  4  in.  by  3  ft.  long,  pointed  at  the  ends,  are  driven  to  a  solid  bearing.  These 
stakes  are  located  at  intervals  of  about  4  ft.  in  each  direction,  and  the  tops  cut  to  a 
uniform  level.  Then,  4-in.  by  .4-in.  pine  sills  are  toe-nailed  to  the  top  of  the  stakes  in 
longitudinal  rows  about  4  ft.  on  centres.  Upon  these  sills  a  2-in.  solid  wooden  floor 
is  placed,  which  forms  the  moulding  bed.  It  is  desirable  that  this  bed  shall  be 
uniformly  level  to  receive  the  forms  for  the  piles. 

The  forms  are  made  of  two  pieces  of  2-in.  by  8-in.  dressed  pine  battened  together 
and  placed  on  edge  to  form  the  sides  of  the  pile.  The  bevels  or  angles  for  tapered  or 
octagonal  piles  are  made  by  placing  loose  pieces  of  bevelled  wooden  strips  at  each 
corner  of  the  form.  The  steel  reinforcement  is  delivered  on  the  work  in  factory-made 
units,  so  that  it  can  be  placed  in  the  forms  at  once.  When  a  reinforcing  unit  is 
suspended  and  centred  in  position,  the  concrete  of  a  wet  consistency  is  deposited  and 
carefully  puddled.  As  soon  as  the  concrete  of  the  pile  has  solidified  the  forms  are 
stripped  and  used  for  making  other  piles.  The  number  of  forms  required  will  vary 
with  the  quantity  of  piles  to  be  made  and  the  prospective  salvage  in  the  lumber. 

The  curing  of  concrete  in  the  normal  manner  delays  the  driving  of  the  piles  for 
a  period  of  not  less  than  three  weeks,  although  a  greater  length  of  time  is  desirable, 
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especially  in  cool  and  damp  weather.  Therefore,  unless  a  stock  of  cured  i)iles  is 
always  on  hand,  it  frequently  occurs  that  this  type  of  pile  cannot  be  used  at  all,  and 
resort  is  had  to  the  use  of  the  "  cast-in-place  "  type.  This  practice  is  open  to  question 
on  accoLuit  of  the  inability  of  plain  concrete  to  resist  even  motlcratc  tension.  In  fact, 
it  is  almost  axiomatic  that  all  concrete  piles  must  be  reinforced.  Every  concrete  pile 
i>  subjected  to  strains  that  induce  very  serious  tensile  stre^ses  in  the  pile.  .Such  stresses 
may  result  from  superimposed  loads  or  a  lateral  strain  from  the  soil.  Further,  the 
making  and  storing  of  concrete  piles  for  use  at  any  time  necessitates  a  large  financial 
investment. 

In  order  to  avoid  the  above-mentioned  objections,  the  writer  has  adopted  the 
method  of  steam  curing  of  "  cast-and-driven  "  piles.  This  enables  such  piles  to  be 
made  and  driven  within  three  or  four  days  and  places  the  speed  of  driving  on  the 
same  basis  as  that  of  the  "  cast-in-place  "  type.  The  means  used  for  steam  curing  will 
vary  with  circumstances,  location  of  the  work,  speed  required  for  delivery  of  the  piles, 
the  number  needed,  etc.  During  the  past  winter  the  writer  has  used  concrete  piles 
made  and  driven  within  ten  days,  and,  as  a  result  of  this  experience,  confidently  recom- 
mends that  such  piles  can  be  made,  cured,  and  driven  immediatelv. 

On  the  work  with  which  the  writer  w^as  connected  the  piles  were  allowed  to  set 
in  a  normal  manner  for  five  or  six  days,  and  were  then  gently  hoisted  from  the 
moulding  bed  by  a  derrick,  using  an  equalising  spreader  and  bridle,  the  chains  of  the 
bridle  being  fastened  so  that  the  pile  was  balanced.  They  were  then  placed  in  stacks 
of  twenty-five  or  thirty  and  separated  from  one  another  by  wooden  blocks,  particular 
attention  being  given  to  securing  a  solid  bearing  for  each  pile. 

A  light  wooden  shed,  practically  steam-tight,  was  built  entirely  around  the  stack 
of  piles.  The  steam  was  conducted  direct  from  a  boiler  through  a  i-in.  pipe  to  three 
branch  openings  inside  the  shed.  The  steam  pipe  valve  was  opened  and  the  piles  were 
exposed  to  live  steam  for  two  or  three  days,  when  they  were  found  to  be  ready  for 
driving.  On  being  first  exposed  to  steam  the  moisture  condensed  on  the  surface  of 
the  piles  and  remained  until  absorbed  by  the  concrete  when  the  temperature  of  the 
steam  was  reached.  This  steam  treatment  should  be  distinguished  from  heat  applied 
indirectly  or  baking,  in  accelerating  the  set  and  hardening  the  concrete.  The  writer 
sees  no  reason  why  boiling  water  should  not  be  used  for  the  same  purpose  if  the  con- 
ditions are  favourable  for  adopting  this  method. 

Precautions  should  be  exercised  in  making  sure  that  the  concrete  has  solidified, 
and  that  it  has  received  its  initial  set,  before  exposure  to  steam  treatment. 

The  prospective  field  that  is  opened  up  by  the  steam  treatment  for  the  rapid 
curing  of  concrete  seems  to  the  writer  to  solve  the  difficulty  incidental  to  the  present 
methods  of  procedure  in  the  construction  of  all  classes  of  concrete  structures. 

The  attention  of  the  members  of  the  Association  is  directed  to  the  publication  of 
the  tests  of  the  Structural  Materials  Laboratory  of  the  United  States  Geological  Survey, 
wherein  it  is  conclusively  shown  "  that  a  compressive  strength  considerably  (in  some 
cases  over  loo  per  cent.)  in  excess  of  that  obtained  normally  after  ageing  for  six 
snonths  may  be  obtained  in  two  days  by  using  steam  pressure  for  curing  mortar." 
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THE     CONSTRUCTION     OF 
THE  REINFORCED  CONCRETE 


PROMENADE  PIER  AT  CAPE  TOWN,  SOUTH  AFRICA 


In  an  article  publishedin  October  last  entitled  "Some  Examples  of  Reinforced  Concrete 
Work  in  South  Africa  ' '  toe  gave  preliminary  details  of  the  construction  of  the  pier  at  Cape 
Toivn,  and  ive  no-w  present  further  particulars  of  this  'work.  One  of  the  principal 
features  in  connection  ivith  the  construction  of  this  pier  luas  the  use  of  the  Piercy  travelling 
stage  in  the  drivina  of  the  pilesr  ivhich  is  described  belov.  —  ED. 


Mich  interest  is  being  evinced  throughout  South  Africa  in  the  splendid  growth 
of  Cape  Town's  new  pier,  and  the  extremely  rapid  completion  of  the  heavv 
pile-driving  work  for  it  has  excited  general  comment. 

In  our  issue  of  October  last  we  published  a  sketch  plan  of  part  of  the 
pier  and  gave  in  outline  a  forecast  of  the  general  arrangement.  We  are 
again  reproducing  this  plan  in  the  present  article  on  page  595.  The  pier  is 
situated  in  a  central  position  at  the  foot  of  Adderlev  Street,  Cape  Town,  and 
reinforced  concrete  construction  has  been  adopted  throughout,  including  the 
retaining  walls,  bandstand,  and  other  erections  on  the  pier,  and  the  pier  itself 
is  supported  on  reinforced  concrete  piles. 


View  showing  Travelling  Stage  in  Course  of  Erection,  also  Stacks  of  Reinforced  Concrete  Piles  in  Foreground. 
Reinforced  Conxrete  Promenade  Pier  at  Cape  Town,  South  Africa. 


REINFORCED  CONCRETE  PIER  AT  CAPE  TOWN.       .'CD^JCBErE) 

It  will  be  seen  that  the  total  length  of  the  new  work  is  to  be  1,500  ft., 
and  that  the  first  300  ft.  of  this,  100  ft.  wide,  will  be  laid  out  with  a  roadway 
and  footpath,  and  will  be  open  to  carriages  and  motors. 

This   approach   leads   to   a  circular   space,    partly   built   on   piles   and   with 


reinforced  concrete  parapets,  and  also  provided  with  footpaths  and  roadway, 
in  the  centre  of  which  the  statue  of  Van  Riebeck  will  find  a  position  worthy 
of  the  great  pioneer,  and  facing  Table  Mountain.     To  the  right  the  new  marine 
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drive,   flanked  by  a  tine  belt  of  trees,   will  commence  and  encircle  part  of  the 
bay.      Beyond  the  circus  the  pier  is  continued  for  a  length  of  1,000  ft.   and  a 
minmuim  width  of  45  ft.,  and  is  constructed  entirely  of  reinforced  concrete. 
The  whole  of  the  work  of  driving-  the  reinforced  concrete  piles  for  this  part 


of  the  work  was  completed  in  March,  having-  taken  the  extremely  short  time  of 
four  months,  or  about  900  working  hours,  with  the  aid  only  of  the  unskilled 
local  labour  available.  No  overtime  or  night  shifts  were  resorted  to,  and  many 
mterruptions   occurred    through    holidays    and    unfavourable    weather. 
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This  noteworth}-  result  I'as  been  accomplished  by  mountini4-  the  piU-(lri\cr 
antl  all  its  machinLry  on  a  Iraxclling"  stai^c  specially  built  for  the  work,  (jn 
Picrcv's  well-known  principle,  a  (lescri])tion  of  which  was  s,'i\en  in  our  October 

issue.  In  this  way  all 
temporary  staging-  and 
piliny  were  entirely 
dispensed  with,  the 
self-contained  tra\eHiny 
stage  moxing"  ahiad  of 
the  work,  quite  inde- 
pendently of  it,  and 
drixing-  the  permanent 
reinforced  concrete 

])iles  as  it  went.  These 
w  ere  immedi.itely 
braced  together  by 
reinforced  concrete 

members  in  the  usual 
way,  a  gangway  for 
running  the  piles  out  of 
the  pile-driver  being 
formed  by  longitudinals 
resting  on  cross  tim- 
bers laid  on  the  tops 
of  the  piles. 

The  stage  was 
built  in  the  pier  works 
vard,  of  timber  and 
steel,  taking  ele\en 
days  to  erect,  and  then 
travelled,  or  "  walked," 
on  its  own  legs  to  its 
position  in  the  sea  for 
dri\ing  the  iirst  pile. 

On       its       initial 

journey    it    traversed    a 

distance    of    about    700 

feet     overland     at     an 

average  speed  of  about 

56  ft.   per   hour  and  of 

500  ft.    in   the   sea,   the 

rate      of      travel      here 

being  30  ft.  per  hour,  owing  to  the  spuds  sinking  further  into  the  mud  than  on 

dry   land.      The   stage   negotiated   a   steep   slope,   with   a  difference   in   level   of 

about  20  ft.  before  entering  the  water. 

The  piles  are  arranged  in  rows  of  four  and  were  driven  singly,  the  stage 
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moving    sidfM.nys    or    ahead    after    drivino-    each     nU^      t„    u  ■ 
clruer     into     position     for     the     „„t     one"      ,t.     c'or'se     «.:'".      7    "'" 
z.g-zas  one  of  rijfht  angle  lines,  re.ehing  across  the"^  th  o    tl  "'""""'' 
ease  uith  which  these  ntoventents  were  ntade  and  „^w  i'h \,t  Z/T-    J''^ 
5  .ons,  „-ere  swung  across  ,he  gap  het.-een  the  trave.h'ng  ::i:t,:^Z 

r  o  w  o  f  piles 
<J  r  i  V  e  n  excited 
universal  admira- 
tion. 

As     mentioned 
in      our      issue      of 
October,    igi  i,  this 
s  t  a  o-  e     can     b  e 
erected      in      all 
security    on    shore, 
as   shown   on    page 
594,      and      walked 
out    in     (he    water 
to    the    w  o  r  k. 
The     s  t  a  g-  e     is 
moved      ahead      of 
the      work      as      it 
proceeds.        In   the 
present     case      the 
s  t  a  g-  e     consists 
essentially     of    two 
pairs    of   main    grir- 
ders,      which      are 
crossed     and     con- 
nected   at   the    four 
points    of    intersec- 
tion   by    four    two- 
way       roller       car- 
r  i  a  g-  c  s,    thus 
enabling     either 
pair    of    girders    to 
support     the     other 
pair    entirely    while 
the   stage   is   being 
moved.      Each  pair 
ot    girders    is    con- 
nected     u  p      a  n  d 
braced    to    form    a 


r'l 


if 


seage,^which  is  moved  ahead,  side:v:,-o:irerrr^;:iry^thni;: 
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Tlie  photographs  show  the  stag-e  and  pilc-drixer  and  various  views  of  its 
work.     The  adoption  of  such  an  appliance  undoubtedly  is  evidence  of  a  strongs 


y   1  r. 
Kf.inforcel)  Concrkte  Promenade  Pier  at  Cape  Town,  South  Africa. 

spirit  of  enterprise  in  the  Corporation  of  the  City  of  Cape  Town,  whic'n  is  doing 
the  work  departmentally  with  its  own  staff,  for  althoug-h  these  travelling  stages 
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nre  now  frequently  used  for  larj^c  harbour  works  and  submarine  rock  blasting, 
this  is  the  first  instance  of  its  adaptation  to  pile-dri\ing,  and  the  Corporation 
deserves  all  credit  for  its  courage  in  leading  the  way  with  such  an  important 
innovation. 

There  can  be  no  doubt  that  the  combination  of  long  spans  between  the 
supports  of  a  pier  and  a  travelling  stage  such  as  was  here  employed  for  the 
pile-driving  gives  an  ideal  way  of  fully  developing  the  inherent  advantages  of 
reinforced  concrete  for  pier  construction.  One  of  the  chief  of  these  is  the 
reduction  in  the  number  of  supports — a  most  desirable  object  in  sea  work — to 
which  reinforced  concrete  construction,  with  its  almost  unlimited  facilities  for 
making  enormously  strong  piles,  lends  itself  most  admirably,  but  which 
advantage  cannot  easily  be  carried  to  its  full  limit  when  the  cost  of  ordinary 
temporary  staging  has  to  be  taken  into  account.  Just  where  it  is  most  advisable 
to  use  the  least  possible  number  of  very  strong  supports,  that  is,  in  exposed 
positions,  the  cost  of  temporary  staging  would  be  correspondingly  enhanced, 
and  further  increased  by  the  necessity  of  making  it  strong  enough  to  carry  the 
heavy  gear  required  for  hoisting  and  driving  \ery  large  reinforced  concrete 
piles.  All  these  difliculties  disappear  when  the  pile-driving  machinery  is 
mounted,  as  was  done  at  Cape  Town,  on  an  independent  travelling  stage,  and 
engineers  will  in  future,  no  doubt,  profit  by  the  example  set  and  the  experience 
gained  on  this  interesting  piece  of  work. 
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RAILWAY    PLATFORM    WALLS. 


By  A  CORRESPONDENT. 


The  folloiuing  article  on  the  cost  of  constructing  railnvay  platform  'walls  which  has  been 
sent  us  by  one  of  our  subscribers,  gives  some  interesting  data  on  the  various  methods  of 
constructing  these  -walls,  w'-ic'i  should  be  of  interest.— ED. 


Ix  estimating  tlic  cost  of  laying  down  a  new  line  of  railway,  complete 
with  stations,  etc.,  it  will  be  found  that  platforms  add  considerably  to  the 
cost. 

Taking  the  case  of  an  ordinary  suburban  station,  on  flat  ground,  with 
platforms,  between  ramps,  400  ft.  long  by  12  ft.  wide,  similar  to  Fig.  2,  the 
cost  is  approximately  _£^S8o. 

Forty  years  ago  the  platforms  at  many  of  our  terminal  stations  were  built 

similar   in    type   to   Fig.    1.      Thev 
Sect/omal    Elevation. 


—     Fic.  1.  — 


,ji' YorA  S/orjt.   ^'ocfs 


CZi 


flrch 


S'  3 


J 


S  j' 


had  a  14-in.  face  wall,  beyond 
which  the  platform  flagging 
extended  about  9  in.  In  many 
cases,  instead  of  having  the  arches 
as  shown,  q-in.  cross-walls  were 
built,  forming  a  series  of  cells, 
over  which  the  flags  were  laid. 

This  type  of  platform  cost 
approximately  22s.  4d.  per  sq.  yd 
Fig.  2  shows  the  more  or- 
dinary type  of  platform  used  by 
engineers,  consisting  of  an  i8-in. 
wall  with  a  4-in.  coping  projecting 
£sf/ma^ac/  Cosf    Z2s  4d  pdr  sc^   yard      \i   in.    from   the  face  of  wall  and 

with  two  slate  dowels  to  each 
joint.  The  coping  has  gradually  increased  in  width  from  12  in.  until  now 
3  ft.,  mainly  because  it  is  a  convenient  width  to  trolley  and  trundle  milk  cans 
along. 

The  cost  of  this  is  15s.  5d.  per  sq.  yd.,  made  up  as  follows  :-- 
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■  Section. 

—  Fic.2. 


[CONCRCTE 


-/-: -. 


Co/"^^ 


^ 


/z    o 

2l^' arr/y/cia/    y/areft 


V"'\ 


I 


\l 


'  Z" p^/'ts     /£>r  e3/re>tn<:x:^e 


Cost     /5  s    5d     per  s^     yard. 
)Ya/f  on/y     J3  s     Sc/  par    //^     yara/. 
Ir/zrhouf  rva//     8s    co/.  per  sq:  yaro/ 


£    s.    d. 

•5  c.  vd.   Excavation 

(a  2S.       ...  ...   o      I      o 

•42  c.  yd.  Lime  con- 
crete (a    I2S.       ...    O       5       O^ 

•74  c.  yd.  Brickwori-c 

@  20s o   14     9  A 

I   lin.   ft.  Weep  pipe 

@  4d.     ...  .-.  o     o     4 

7    c.    yd.    Fillin<^    Or 

8d o     4     S 

•3  c.  yd.  Dry  lining 

@  3s.  6d.  ...  o     I      I 

I    s.    yd.    Coping   (5 

I2S.   3d.  ...  o   12     3 

3  s.  vd.  Hard  core  '". 

IS o     3     0 

3  s.  yd.  2\"  Flags  @ 

6s.  6d o  19     6 


£Z     I     8 


Area,    12  ft.  o  in.    x    3  ft.  o  in.  =  4  s.  yd.     Cost,    15s.   sd.   per  s.  yd.;   wall  only, 
3;s.  5d.  per  lin.  yd.  ;  platform,  without  wall,  Ss.  2d.  per  s.  yd. 

In  V\g.  3  is  shown  a  platform  very  similar  in  design  to  Fig.  i.     The  walls 
are  spaced  8  ft.  centres  and  14  in.   in  thickness,  supporting  reinforced  concrete 

Sectional Llevat.on    """^X-,^   flags  can  be 

^'>-e  laa^  z'^/'ers^  /^/  —  FiG    3. —  either       grooved       or 

chequered,     but     this 
I      has  a  great  disadvan- 


4^  rcc/i 


uL 


<7/-/>/'/^/or/    /XT' 


1 -^  ■____,,  jri;__.__i^__/^__:;:^i _jhL 


8   O 


\       7 


3'  o' 


/■^ 


-8   o 


Coric  rare 


tage,  unless  water  can 
be  effectually  drained 
off.  The  grooves,  etc., 
hold  the  wet,  which, 
w'hen  frozen,  make  the 
flags  more  liable  to  be 
slipped   on. 

The  following 
estimate. of  cost  allows 
for  an  inch  of  patent 


I  Cost   /8s  6  a/  per  jvp  yarj/ 

Cos/ c/ J //"  rtfa//h    /8s   i>a/ per //n    yo/ 

pavement  cement,  which  is  taken  to  within  6  in.   of  the  chamfered  nose  of  the 
platform.  £    s.  d. 

r4  c.  yd.  Excavation  @  2s.     ...  ...  ...  ...  ...  ...     o     2     9^ 

i'4  c.  yd.  Lime  concrete  @  12s. 

2'2  c.  yd.  Brickwork  @  24s.     ... 

\"j  c.  yd.  Cement   concrete  in  flags  @  30s 

i'48  cwt.  .Steel   rods  @  15s. 

io"3  s.  yd.  Artificial  pavement  cement  @  5s. 

£^  17     o\ 


0 

16 

9i 

2 

12 

9i 

2 

II 

0 

I 

2 

2 

2 

II 

6 
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Area,   12  ft.  o  in.    x    S  ft.  o  in.  =  io-66  s.  yd.     Estimated  cost,   iSs.  6d.  per  s.  yd.; 
iSs.  6d.  per  lin.  yd.  of  3  ft.  width. 


E  LEIVATION 


17s.  per  sq.  yd.,  as  follows:  — 


T'4  c.  yd.  Excavation  @  2s. 

1-4  c.  yd.   Lime  concrete  fS    12s. 

■5  c.  yd.   Lime  concrete  baclving  @   13s. 

I '4  c.  yd.  Brickwork  @  24s.     ... 

I    c.   yd.    Briclvwork   in   arch   @   27s. 

1-3   c.   yd.    Filling  ®  6d.  

6  s.  yd.   Hard  core  @   is. 

6  s.  yd.  2^"  Flags  @  6s.  6d 

4"5  c.  ft.  Cement  concrete  coping  ^  is. 
I '7  s.  yd.  Pavement  cement  @  5s.     ... 


—  SECTION.     Fig. 5   — 


Fig.  4  gives  a  type  of 
platform  suitable  for  good 
ground  or  on  arching.  In 
the  latter  case  the  concrete 
would  probably  be  taken 
down  to  the  backing-  over 
the  arches,  increasing-  the 
cost.  Here  an  attempt  has 
been  made  to  cheapen  the 
coping  by  using  fine  cement 
concrete  in  the  place  of 
stone  and  recessing  it,  as 
in  Fig.  3,  to  within  6  in. 
of  the  chamfer. 

This    gives    a    cost    of 


8d. 


£ 

s. 

d. 

.   0 

2 

9i 

.    0 

16 

9i 

.    0 

6 

6 

1 

1 1 

3 

1 

7 

0 

0 

0 

8 

0 

6 

0 

1 

19 

0 

0 

7 

6 

0 

8 

6 

£1 

6 

0 

Prf/Ztc/ci/  pa  r^r^q 


3    O  . 


Isr/h^arrao/  Cosr   /<g-^.  8c/   par  st^  j^arc/ 

nor//  orj/y     J3s.  /Oa'  fi>ar  A^.    yara/ 


Area,  12'  o"  x  6'  o"  =  8  s.  yd. 
Cost,  17s.  per  s.  yd. 

The  reinforced  concrete 
platform  wall  shown  in  Fig. 
5  costs  approximately  39s.  lod. 
per  lin.  yd.,  6s.  sd.  more 
than  for  the  brick  wall  in 
Fig.  2,  and  also  more  than 
for  an  ordinary  concrete  wall. 

The  cost  of  the  platform  is 
i6s.  8d.  per  sq.  yd.,  as 
follows  :  — 
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•5  (-.   vd.   Excavation  @  2s. 

196  c.  yd.    Filling  @  8d. 

1-7  c.  yd.  Cement  concrete  @  30s. 

14  s.  yd.  Shuttering  @  2s. 

•8  cwt.  Steel  rods  <?   15s. 

8  s.   yd.   Hard  core  @   is. 

8  s.  yd.  2\"  Flags  @  6s.  6d. 

2-3  s.  yd.  Pavement  cement  (^  5s. 


£  s.  d. 
.010 
0  13  1 
211  0 
..  I  8  o 
..  o  12  o 
..080 

2     12       O 
..       oil        6 

£^  16   7 


;\rea,    12'  o"  x  S'  o"=io-66  s.  yd.       Estimated  cost,    i6s.    8d.   per  s.   yd.:   wall 
onlv,  39s.  lod.  per  lin.  yd. 
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In  ¥'\g.  6 
is  shown  a 
cheaper  type  of 
platform. 

It  is  a  com- 
bination of  Figs. 
2  and  3,  and 
consists  of  No.  2 
8  ft.  X  3  ft. 
reinforced  con- 
crete flag's  sup- 
ported on  14-in. 
brick  piers,  8  ft. 
centres.  The 
flags    project 


12  in.   beyond  the  front  face  of  the  piers.      The  estimated  cost  is   13s.   ^d.   per 
sq.  yd. ,  made  up  as  follows  : — 

•64  c.   yd.   Excavation  @  2s. 

'7'5    ^-   y*^-    Filling  (<•}  6d. 

"64  c.  yd.  Lime  concrete  @  12s. 

ri  c.   yd.  Brickwork  @  24s. 

5'4  s.   yd.   Hard  core  fg,   is. 

5'4  s.  yd.  2^"  Flags  (a  6s.  6d.    ... 

5'3  s.  yd.   Reinforced  concrete  flags  @  6s. 

4'9  s.  yd.  Pavement  cement  @  5s. 


.Area,   12'  o"  x  8'  o"  =  io'66  s.  yd.      Estimated  cost,   13s.  5d.   per  s.  yd. 

Where  the  platforms  >-hown  in  Figs.  2  and  6  came  in  cutting'  the  cost 
would  be  slightly  reduced,  Fig.  1  costing  14s.  3d.  per  sq.  yd.  and  Fig.  6  12s.  7d. 
per  sq.  yd. 

.A.  further  reduction  would  be  effected  in  the  case  of  country  platforms  by 
substituting  4  in.  of  gravel  at  gd.  per  sq.  yd.  instead  of  the  2\  in.  flags. 
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RESTORATION  OF   WINCHESTER  CATHEDRAL. 


PORTLAND   CEMENT  IN 

THE  RESTORATION  OF 

WINCHESTER  CATHEDRAL. 


The  preservation  of  our  historical  buildings  requires  the  closest  possible  attention,  and 
it  is  pleasurable  to  note  that  Portland  Cement,  suitably  and  efficiently  applied,  may  do  much  to 
add  to  the  length  ofVfe  of  our  important  structures  in  a  comparaii-vely  economical  manner. — ED. 


The  restoration  of  ^^'inchester  Cathedral  has  been  dealt  witli  at  length  in  the 
daily  Press,  and  although  no  great  structural  work  was  entailed,  still  we  think 
our  readers  will  be  interested  in  this  work  owing  to  the  fact  that  cement  and 
concrete  played  an  all-important  part  in  the  preservation  of  this  famous  building. 

The  mischief  was  due  to  the  nature  of  the  foundations,  which  were  not  at 
all  adequate  for  the  loam}-,  watery  soil  on  which  the  building  rests.  In  Mr. 
T.  G.  Jackson's  report  he  mentions  that  the  first  part  that  excited  alarm  was  the 
f.outh  wall  of  Bishop  de  Lucy's  choir.  This  had  sunk  from  7  in.  in  the  middle 
to  nearly  2  feet  at  the  east  end  and  had  split  off  from  the  Norma n  work  to  the 
west  of  it,  leaving  a  crack  5  in.  wide.  It  was  found  that  the  wall  rested  on 
a  double  layer  of  beech  trees  laid  crossways,  which  had  been  forced  down  into 
the  soft  ground  to  the  extent  first  mentioned.  The  north  side  was  not  much 
better,  and  in  both  cases  the  vaults  had  overpowered  the  walls  and  thrust  them 
out  of  the  perpendicular,  tearing  the  buttress  piers,  on  which  the  thrust  was 
concentrated,  away  from  the  curtain  walls  between  them.  This  movement  of 
the  walls  had  dislocated  the  stone  vaults,  which  were  bulged  and  cracked  in 
all  directions,  the  ribs  having  sunk  so  badly  as  to  have  lost  their  curve  of 
stability,  and  being  only  prevented  from  falling  by  being  bolted  to  timbering 
abo\e.  The  vaulting  of  the  crypts  was  disturbed  throughout,  partly  by  the 
movement  of  the  walls  and  partly  by  the  settlement  of  the  piers  from  which  the 
vaulting  sprang. 

The  great  transepts  of  the  original  Norman  building  were  in  a  condition 
to  cause  the  gravest  anxiety.  Cracks  had  appeared  in  the  walls  of  the  north 
transept  so  large  that  daylight  could  be  seen  through  them,  and  both  the  north 
end.  and  the  side  walls  were  dislocated  in  all  directions.  But  the  south  transept 
was  far  worse,  the  end  \\  all  being  broken  away  by  great  fissures  from  the  side 
walls,  and  having  an  inclination  of  over  4  ft.  in  a  height  of  120  ft.,  which 
nearly  brought  in  the  centre  of  gravity  outside  the  base.  The  side  walls  also 
were  badlv  ruptured,  and  that  on  the  east  inclined  seriously  outwards. 

The  problem  was  how  to  replace  the  soft  foundation  by  something  solid. 
By  the  use  of  pumps  the  excavation  was  continued  till  a  solid  ground  was 
reached  at  a  depth  of  from  16  to  20  ft.  below  the  surface.  From  this  point  solid 
concrete  was  put  in,  forming  the  first  "  kg  "  up  to  the  underside  of  the  old 
footings.     Other  drifts  were  formed  in  the  same  way.  but  when  a  soft,  fine  silt 
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was  found  near  the  gravel,  Mr.  Francis  Vox,  M.Insl.C.E.,  was  consulted,  and 
on  Ills  ad\  iie  it  was  thought  better  to  employ  a  diver  to  avoid  any  danger  of 
disturbing  the  gravel  by  pumping. 

After  this  the  diver  was  employed  all  round  the  cathedral,  the  modus 
operandi  being  as  follows  : — The  wall  to  be  underpinned  was  di\ided  into 
sections  or  drifts  about  5  ft.  wide.  The  men  excavated  each  drift  down  to 
within  about  a  foot  of  the  gravel  bed  (pumps  going  continually  all  the  time). 


QRAV 


CgAVEL  AND    rUIMTS 
aiAUk  BCLOW 
Section  throuih  Wall  of  Presbytery. 
The  Restoration  of  Winchester  Cathedral. 

At  this  stage  the  pumping  ceased  and  the  hole — about  18  ft.  long,  5  ft.  wide, 
and  from  16  ft.  to  20  ft.  deep — was  allowed  to  fill  with  water.  The  diver  then 
went  down  and  cut  out  and  sent  up  the  remainder  of  the  peat.  Bags  of  cement 
concrete  were  lowered  to  him,  and  these  he  spread  in  the  place  of  the  peat,  3  or 
4  courses  deep,  sealing  up  the  gravel.  This  being  done,  the  hole  w^as  again 
pumped  out  and  the  men  built  up  a  solid  mass  with  concrete  blocks,  the  topmost 
3  ft.  being  completed  with  brickwork  in  cement,  pinning  up  closely  under  the 
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old  walls.      This  process  has  been  carried  out  practically  round  all  the  external 
walls,  thoug-h  round  the  nave  the  buttresses  only  have  been  treated. 

The   west  front   and   three   western   bays   were   deemed    to   have    sufficient 
foundations.     The  piers  of  nave  and  transepts,  the  tower,  and  the  piers  of  the 


vhinr  have  not  been  dealt  with,  as  though  they  rest  on  exactly  the  same  kind  of 
bottom,  the  authorities  hope  that  there  will  be  no  further  sinking  of  these  parts. 
Regarding-  the  cracks  of  the  main  walls,  of  which  there  were  more  than  loo, 
large  bonding  stones  have  been  inserted  across  the  cracks  and  the  walls  filled 
with  liquid  cement,  mostly  applied  under  pressure  by  the  "  Greathead  " 
groutmg  machine.     By  means  of  this  machine  thousands  of  tons  of  cement  have 
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been  pumped  into  the  walls,  travelling-  in  every  direction  tiiroug-hout  the 
masonry,  25  tons  of  cement  having  been  forced  into  one  corner  of  the  north 
transept  alone. 

In  a  paper  read  before  the  Royal   Institute  of  British   Architects  in    1908, 
entitled    "  Foundations,"    Mr.    (now    Sir)    Francis    Fox  described   the   work    at 

W  i  n  Chester 
C  a  t  li  c  d  r  a  1 
and     t'he     im- 
portance     o  f 
the     g-routing" 
macliine    for 
this     w  o  r  k. 
The       accom- 
IJanying-   illus- 
t  r  a  t  i  o  n  s, 
which        were 
>  -j.    kindly    placed 
7  -    at      our      dis- 
~  =    posal    by    the 
"^^    Royal      Insti- 
£  ;   tute  of  British 
i  ^    A  r  c  h  i  tects, 
Ir;.    were   included 
^  _    in  that  paper. 
(3  5    The     machine 
^<    consists 
|S    of      an       iron 
c^    receiver      o    r 
'fi    reservoir, 
?       into        which, 
by    means    cf 
pumps,     a  i  r 
can  be  forced 
under      a   n  y 
pressure      u  p 
to    100   lb.    to 
t  li  e     i  n  c  h. 
This    receiver 
is      connected 
by    a    flexible 

tube  to  another  portion  of  the  apparatus,  called  the  "  g-routing  pan," 
which  is,  in  fact,  a  churn  furnished  with  a  handle  and  spindle,  to  which 
are  attached  arms  or  beaters.  The  proper  proportions  of  cement  and 
water,  and  in  certain  cases  sand,  are  then  placed  inside,  the  lid  screwed 
down,  and  the  contents  churned  up  into  the  consistencv  of  cream.  This  is 
now  ready  to  be  blown  into  the  crack,  the  mouth  of  which  on  either  side  of 
the  wall  has  meanwhile  been  clayed  up  to  prevent  the  g^rout  from  escaping. 
The  compressed  air  is  then  admitted  to  the  grouting-  pan,  and  so  soon  as  the 
necessary  valve  Is  opened  the  contents  are  discharg-ed  into  the  wall. 
6o| 
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By  means  of  this  apparatus  cement  can  be  blown  rig-ht  into  the  heart  of 

any  structure, 
whereby  all  the  loose 
particles  of  stone  and 
the  opposite  sides  of 
the  crack  can  be 
ag-glutinated,  o    r, 

more  properly, 
cemented  together, 
and  we  have  thus 
the  power  of  repairing- 
injured  buildings 
without  being  com- 
pelled to  pull  them 
down. 

\\'here  the  groin- 
ing     or      \aults      liad 
.    sunk  or  broken,  it  has 
2    been    replaced    In    its 
=    original   position,    and 
j    all    grouted    up     witli 
g    cement       and       made 
I    solid.     Steel  ties  have 
"i    been    used   in    various 
places.      In   the   south 
transept      three      l)ut- 
tresses     have     been 
built,    and    the    south 
wall   of   the   nave   has 
beeii       supported      by 
flying  buttresses. 

T  b  e  greatest 
credit  is  due  to  Mr. 
T.  G.  Jackson,  R.A., 
the  diocesan  architect, 
and  to  Sir  Francis 
Fox,  for  the  work 
they  have  done  in  pre- 
serving one  of  the 
most  beautiful  build- 
ings in  the  country. 
It  may  be  said  that 
the  entire  catliedral 
has  been  welded  to- 
gether and  placed 
upon  a  new  founda- 
tion, and  it  is  expected  that  the  structure  will  stand  for  many  generations. 

The  contractors   for  the   whole  of  the   work   were    Messrs.    Thompson,   of 
Peterborough.  605 
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REINFORCED 
CONCRETE    ARCH 
BRIDGE   DESIGN. 


By   MR.   DANIEL   B.   LUTEN,  Member  of  the  Western  Society  of  Engineers. 

A  %iery  interesting  paper  on  Arch  Design  'was  read  tefore  the  Western  Society  oi 
Engineers  (of  U.S.A.  i  in  June  last  by  Mr.  Daniel  B.  Liiten,  from  ivhich  'we  take  the 
particulars  belo'w.  The  paper  -was  exceedingly  -well  illustrated  by  vie'ws  of  bridges 
designed  by  Mr.  Luien,  a  fe'w  of  'which  'we  reproduce  here'with.—ED. 


Twenty  years  ago  there  was  hardly  a  concrete  arch  in  the  United  States ;  ten  years 
later  there  were  less  than  a  hundred ;  to-day  there  are  upwards  of  ten  thousand.  This 
suddenly  accelerated  growth  is  due  to  a  realisation  that  the  concrete  arch  fulfils  most 
of  the  requirements  of  an  ideal  highway  bridge.  Arches  of  material  other  than 
concrete,  such  as  stone,  brick,  and  steel,  have  been  lacking  in  some  important  attribute, 
3o  that  no  sufficient  number  have  been  erected  in  a  limited  period  to  enable  any 
engineer  to  specialise  exclusively  in  arch  design  in  those  materials. 

Requirements  of  the  Ideal  Highway  Bridge. —  The  ideal  highway  bridge  must 
include  among  its  qualifications  the  following  : — 

1.  Permanence,  eliminating  repairs  and  inspection. 

2.  Artistic  appearance  to  harmonise  with  its  surroundings. 
Strength  increasing  with  time  and  traffic. 

Safety,  meaning  not  merely  security,  but  slow  failure  in  case  of  defects. 
Stable  on  insufficient  foundations  and  under  extreme  flood  conditions. 
Of  effective  waterway  providing  maximum  discharge. 

7.  Efficient  and  economical  in  use  of  materials. 

8.  Employing  home  labour  and  materials. 

g.   Providing  a  roadway  continuous  over  bridge  and  approaches. 

10.  Easily  widened  to  provide  for  increasing  traffic. 

11.  Easily  modified  in  design  to  conform   to  improvement  in  surroundings. 

12.  Simplicity  in  design  and  erection. 

HOW   THE    REINFORCED    CONCRETE    ARCH    COMPLIES    WITH 
ABOVE    REQUIREMENTS. 

Permanence. —  An   arch   of   concrete  reinforced  with    embedded   steel   has  all    the 

permanence  of  stone ;  in   fact,   it  is   more   permanent  than  the  usual    building  stones, 

and  has  none  of   the  limitations    of  steel,   such  as    corrosion    and   crystallisation;   for 

concrete  is  but  slightly  affected  by  the  elements,   and  the  embedded  steel   is  protected 

from  rust  and  vibration.     No  painting  or  repairs  are  ordinarily  required,  and  inspection 

is  superfluous. 

Artistic  Appearance, —  A    properly-designed   reinforced   concrete    arch    will   be   in 

equilibrium  under  the  fixed  load.     Reinforcement  will  be  required  in  the  arch  ring  to 

resist  moving  load  stresses  only,  and  the  moving  loads  are  small  in  comparison  with 

the  fixed  load.     Such  a  structure,  therefore,  displays  its  material  in  an  efficient  form, 
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and  because  of  its  useful  application  presents  a  beautiful  appearance.  Everyone  knows 
that  concrete  is  a  material  strong  in  compression.  Its  use  in  the  arch  without  ornamen- 
tation consequently  appeals  to  the  eye.  This  is  wholly  apart  from  its  relation  to  its 
surroundings,  in  which  harmony  must  be  secured  ordinarily  by  ornamentation  of 
spandrels  and  railings.  There  is  no  harmony,  for  example,  in  adopting  a  segmental 
curve  or  parabolic  arc  for  an  earth-filled  arch  merely  because  it  carries  railway  loading, 
when  such  curves  are  not  the  curves  of  equilibrium,  for  the  loading. 

Since  the  concrete  arch  is  of  pleasing  form  when  properly  designed,  all  that  is 
necessary  to  make  it  harmonise  with  its  surroundings  is  to  limit  the  design  to  dignified 
details  for  rugged  surroundings,  and  to  embellish  it  with  ornamentation  for  cultivated 
surroundings.  No  other  bridge  structure  harmonises  so  readily  with  its  surroundings, 
no  matter  what  they  may  be.  The  mechanical  lines  of  the  truss  and  girder  appeal  to 
the  eye  of  the  trained  engineer  and  are  usually  more  pleasing  on  the  drafting  table 
and  in  the  blue  print  than  the  arch.  But  the  actual  structure  after  erection  and  in 
perspective  is  nearly  always  a  disappointment  both  to  the  engineer  and  the  layman 
when  compared  with  a  well-designed  arch.- 

For  spans  of  less  than  loo  ft.,  dignity  of  design  can  usually  be  best  secured  for  an 
arch  bridge  of  moderate  rise  by  the  use  of  the  earth-filled  type  with  solid  spandrels. 
But  a  semi-circular  arch  can  hardly  be  made  to  present  a  satisfactory  appearance  with 
solid  spandrels,  unless  the  depth  of  load  over  the  crown  be  proportional  to  the  rise, 
not  an  economical  arrangement.  For  spans  greater  than  loo  ft.,  especially  with  great 
rise,  the  open-spandrel  construction  is  usually  to  be  preferred,  and  this  accords  fairlv 
well  with  economy  in  this  country  at  the  present  cost  for  labour  and  materials.  '  In 
Europe,  where  labour  is  relatively  cheaper,  it  may  be  desirable  from  the  standpoint  of 
economy  to  use  open  spandrels  on  spans  as  short  as  60  ft.  or  75  ft.  A  hollow  spandrel 
behind  a  solid  spandrel  wall  is  rarely  desirable,  for  the  curve  is  then  not  in  harmonv 
vt'ith  its  loading  except  for  very  flattened  spans.  In  a  concrete  girder  it  is  extreme'.v 
difficult  to  show  by  external  treatment  the  presence  of  the  steel  that  resists  one-half 
of  the  stresses.  Appropriate  panelling  will  accomplish  it  in  part,  but  in  anv  event  the 
reinforced  concrete  girder  must  always  leave  an  impression  of  weakness  that  cannot 
be  satisfied  by  any  external  treatment. 

An  arch  bridge,  whether  in  single  span  or  in  series  of  arches,  presents  the  best 
appearance  when  cambered  in  a  vertical  parabolic  curve  having  a  rise  of  about  1-150 
the  entire  length  of  the  bridge,  but  not  ordinarily  to  exceed  3  ft.  This  ornamental 
camber  in  the  arch  bridge  also  provides  for  surface  drainage  of  the  roadway,  which 
mav  be  discharged  through  the  crown  of  each  arch,  if  not  objectionable  below. 

Increasing  Strength. — Timber,  steel,  and  even  stone  deteriorate  as  they  grow 
older.  Concrete  grows  stronger  with  age.  The  increase  may  amount  to  50  per  cent, 
in  the  year  following  the  first  thirty  days.  Since  traffic  on  most  of  our  highways  is 
constantlv  increasing  in  weight,  such  an  increase  in  strength  tends  to  keep  pace  with 
the  growth  of  traffic.  A  bridge  that  decreases  in  strength  must  be  built  excessively 
heavv,  for  the  day  soon  comes  when  its  decreasing  strength  meets  the  increasing 
traffic,  and  collapse  results.  The  bridge  that  increases  in  strength  with  age  may  be 
designed  for  efificiency.  Hence  the  light  efficient  design  is  to  be  commended  in  such  a 
structure,  whereas  it  receives  merited  condemnation  in  steel  or  wood. 

The  concrete  arch,  since  it  'depends  for  its  strength  principally  upon  the  com- 
pressive strength  of  the  concrete,  does  increase  in  strength  as  the  concrete  gains  in 
strength,  and  it  is  tlie  only  type  of  bridge  that  possesses  this  property.  The  concrete 
girder,  designed  for  equal  efficiency  of  steel  and  concrete,  cannot  gain  any  advantage 
from  the  increasing  strength  of  the  concrete  except  by  overstressing  the  steel. 
Designing  the  girder  with  excessive  allowable  stress  for  concrete  in  compression  enables 
the  girder  to  grow  in  strength  with  age,  for  a  limited  time  only,  but  at  the  risk  of  a 
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collapse  in  the  early  period  of  its  existence.  This  is  takin.ii  the  chance  that  no  full 
load  comes  over  the  structure  in  its  first  year.  As  the  concrete  of  the  arch  hardens  the 
clastic  arch  becomes  less  flexible  and  will  distort  less  under  a  concentrated  load. 
Hence  the  tension  in  its  embedded  steel  will  be  reduced  as  the  structure  grows  older. 
And    since   the    concrete   grows   harder   and    better   able   to   resist   higher    compressive 


Reinforced  Concrete  IIkmh.k  \\  i  i  h  an  80-ft.  span,  at  Riplev,  New  York. 


\V'V%^^.  **^ 


Span  of  Waterway,  65  ft. 
Re.nfokced  Concrete  Bridge  at  Racine,  Wisconsin. 


stresses,  while  the  tension  in  the  steel  is  at  the  same  time  reduced,  the  structure  as  a 
whole  grows  stronger  as  its  age  increases. 

.'\n  earth-covered  arch  also  increases  considerably  in  strength  but  in  an  unknown 
ratio,  by  reason  of  the  compacting  of  the  earth  fill  over  the  arch  and  behind  the 
abutments.  Many  earth-covered  arches  have  been  erected  with  light  abutments  rein- 
forced with  ties  from  abutment  to  abutment  to  resist  the  thrust,  from   which  the  tics 
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have  been   removed  after  two  or  three  years  to  permit  the  deepening  of  the   channel, 
and  with  no  resuhant  yielding  of  the  abutments. 

Safety,  —  A  bridge  made  of  any  structural  material  may  be  designed  to  safely 
support  its  load  by  a  proper  distribution  of  the  material.  To  make  a  bridge  secure, 
therefore,  whatever  the  material  or  type,  is  simply  a  matter  of  design.  But  no  matter 
how  well  planned,  a  bridge  may  be  defective  in  erection.  In  such  a  case  a  bridge  that 
fails  slowly  and  with  abundant  warning  is  superior  to  one  that  collapses  suddenly. 
A  structure  in  which  tension   forces  are  isolated  in  separate  members,  as   in   a  truss, 


View  Showing  Behaviour  of  Arches  in  Excessive  Flood 
Reinforced  Concrete  Bridge  at  Salem,  Indhna. 


fails  suddenly  when  any  member  gives  w^ay.  A  girder  of  steel  or  concrete  in  which  the 
dead  load  forces  are  concentrated  in  extreme  regions,  as  top  and  bottom  flange,  will 
follow  the  same  behaviour  in  a  less  marked  degree.  A  concrete  arch  with  open 
spandrels  supported  by  separate  arch  ribs  will  collapse  suddenlv  in  limited  regions 
•supported  by  a  defective  rib.  But  a  concrete  arch  covered  with  ear.h  fil'.ing  and 
stiffened  with  spandrel  walls  not  only  fails  slowly  but  gives  abundant  warning  of  over- 
stress.     Failure  in  such  a  structure  is  almost  always  by  yielding  of  abutments  or  piers 
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which  move  slowly.  'Ihcre  nr;-  many  instances  of  reinforced  concrete  arches  which 
have  settled  continuoLi-.ly  for  monih>,  dew-loping  cracks  but  without  failure.  In  one 
instance  the  crown  settlement  in  an  So-ft.  span  amounted  to  several  inches  befor-  it 
was  stopped  by  a  support  under  the  crown. 

Reinforced  concrete  has  one  markcxl  ajvanta^'e  oxer  most  other  materials,  in  that 
it  may  indicate  conditions  of  maximum  allowable  tension  in  its  embedded  steel  before 
actual  danger  exists.  'I'iiis  atlvantage  rests  in  the  fact  that  the  coefficient  of  elasticity 
of  the  concrete  and  of  the  embedded  steel  do  not  bear  the  same  ratio  as  their  allowable 
stresses.  When  tiie  embedded  steel  is  stressed  to  5,000  lb.  per  scj.  in.  invisible  cracks 
occur  in  the  surrounding  concrete.  At  10,000  to  15,000  lb.  per  sq.  in.  these  cracks 
become  visible.     .\t  20,000  lb.  per  sq.  in.  they  frequently  become  objectionable. 

In  arch  design,  where  the  stresses  in  the  arch  are  magnified  by  the  behaviour  of 
the  si)andrel  walls,  cracking  of  the  concrete  .serves  the  purpose  of  an  exten.someter  to 
detect  excessive  stresses.  If  an  arch  is  designed  too  flat  at  the  crown  cracks  will  appear 
in  the  spandrel  near  the  ends  of  the  span.  If  ton  flat  at  the  haunches,  cracks  will 
appear  in  the  coping  over  the  crown  or  through  the  arch  ring  at  the  haunches  directlv 
under  the  spandrel  only,  and  not  extending  far  into  the  soffit  of  the  arch.  The  tensile 
stress  in  the  arch  itself  is  rarely  sufficient  to  show  cracks  actually  penetrating  the  arch 
ring.  Small  cracks,  particularly  in  the  spandrels,  are  no  indications  of  failure,  being 
merely  the  magnified  effects  of  movements  in  the  arch  ring,  but  a  properl\  designed  a)id 
erected  arch  will  be  free  from  such  cracks,  if  provided  with  expansion  j'.jints  in  the 
spandrels  abo\e  each  springing. 

Stability — The  arch  imposes  a  heavier  load  upon  its  f(-undations  than  anv  other 
tvpe  of  bridge.  But  since  there  is  no  limit  to  the  expansion  possible  in  footings,  the 
intensity  of  pressure  may  be  made  the  same  as  for  any  other  structure  by  proper 
distribution,  so  that  the  heavier  loading  of  the  arch  is  objectionable  only  as  affecting 
its  comparative  cost.  It  proves  a  decided  advantage,  in  fact,  when  the  effects  of  moving 
loads  on  the  structure  are  considered.  The  heaviest  locomotive  loading  may  increase 
the  foundation  pressures  under  a  steel  trestle  of  100  ft.  span  several  hundred  per  cent., 
whereas  the  corresponding  increase  under  an  earth-covered  arch  of  the  same  span 
rarely  exceeds  20  per  cent.  The  stresses  in  the  latter  structure  itself  are  not  seriously 
affected  by  a  considerable  increase  in  the  moving  load. 

Steel  and  wooden  bridges  have  one  great  advantage  over  concrete  bridges  in 
stability,  in  that  they  can  sustain  unequal  settlements  without  serious  damage. 
Concrete  bridges  are  not  seritjuslv  aftected  bv  imiform  settlement  of  one  cr  both 
abutments.  But  unfortunately,  settlement  of  an  abutment  is  very  rarely  unL^^rm. 
Unless  founded  on  rock,  the  conditions  underlying  any  abutment  of  18  ft.  or  20  ft. 
length  in  the  average  stream  are  of  varying  character,  whether  clay,  sand,  gravel,  or 
piling.  Settlement,  if  it  occurs,  due,  of  course,  to  excessive  intensity  of  pressure,  will 
always  be  greater  at  one  point  than  another.  If  an  abutment  settled  uniformly  it 
would  not  crack.     But  how  many  abutments  that  have  settled  are  free  from  cracks? 

The  concrete  arch  with  its  great  mass  is  not  readily  moved  by  floods  nor  ice  jams. 
It  is  consequently  a  desirable  type  of  structure  for  a  low-level  bridge  subject  to  com- 
plete submergence.  In  such  cases  its  roadway  and  approaches  should  be  paved  to 
prevent  scour.  The  wide  abutments  required  by  a  concrete  arch  to  resist  its  horizontal 
thrust  add  to  its  stability  in  flood,  for  such  an  abutment  may  often  be  undermined  for 
a  considerable  area  at  the  stream  face  without  injur}',  since  the  maximum  pressure  is 
at  the  back. 

Waterway.  —  F"or  the  purpose  of  comparison,  consider  the  three  fundamental 
tvpes  of  waterway  possible,  \'-shaped,  rectangular,  and  inverted  V,  all  of  equal  area. 
The  V  opening  is  the  type  desirable  for  sewers  where  a  small  flow  of  water  must 
produce  a  deep  swift  current  to  carry  solids  along  a  uniform  channel.      It   is  not  suit- 
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able  for  an  opening  for  a  bridge,  since  it  must  dam  back  the  water  before  capacity  -can 
be  secured.     It  requires  the  longest  span  for  a  given  area  of  waterway. 

The  inverted  V   opening  provides  the  greatest  span  at  the   lowest   level,    hence  it 


will  provide  the  greatest  discharge  at  low  levels  and  with  least  damming  effect, 
requires  a  long  span,  but  permits  the  use  of  the  arch  instead  of  the  girder. 
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The  roct;uij4ulai'  ()])('ning  is  intcrnK  tli;itc  to  the  (ithcr  two  in  effective  discharj^e, 
and  has  the  advantage  of  shorter  span,  liniitcd,  liowcNcr,  to  llie  j^irdcr  ty|)c.  It 
appeals  to  most  designers  because  tiie  entire  su])erstructure  can  l)e  made  to  clear  the 
former  hiiih-water  records.  But  this  apparent  advantage  rests  wholly  on  the  assump- 
tion that  future  high-water  levels  will  conform  to  that  record. 

For  the  same  waterway  area,  therefore,  the  arch  tyi)e  of  opening  has  a  consider- 
able advantage  over  the  girder  and  sewer  forms.  Hut  for  a  gixcn  sjian  and  a  fixed 
water  level  this  advantage  no  longer  obtains. 

Efficiency. — Concrete  is  a  material  high  in  compression  values  and  low  in 
tension  and  shear.  If  an  arch  be  designed  as  the  linear  arch  for  the  fixed  load,  it  will 
have  no  tension,  and  no  shear  whatever  except  in  very  slight  degree  for  tem])('rature 
changes  and  moving  loads.  The  stress  in  such  an  arch  approximates  very  nearly 
uniform  comj)ression  throughout.  Consequently,  for  a  location  where  rock  foundation 
is  exposed  near  the  surface,  no  structure  of  concrete  can  compete  in  cost  with  the  arch. 
But  when  footings  must  be  expanded  to  provide  for  soft  foundations  or  insufficient 
backing,  the  advantage  is  less  marked.  Nevertheless,  the  reinforced  concrete  arch  is 
usuallv  of  lower  first  cost  than  the  concrete  girder  for  the  same  requirements,  in  spans 
exceeding  20  ft.  or  30  ft.  It  will  also  compete  with  steel  girders  and  trusses  having 
permanent  lloor  and  substructure. 

Continuous  and  Widened  Roadway. —  A  bridge  that  requires  an  earth  covering 
has  an  advantage  in  that  the  earth  roadway,  or  gravel,  macadam  or  brick  pavement 
mav  be  extended  directlv  across  the  structure  with  no  break  whatever  in  its  continuity. 
It  is  objectionable  to  build  with  a  level  floor  of  concrete,  or  any  other  material  that 
does  not  have  provision  for  carrying  the  same  materials  used  in  surfacing  the  highway 
leading  to  the  bridge.  For  a  change  in  paving  material  usually  means  a  chuck-hole 
where  the  harder  pavement  joins  the  softer.  And  even  an  earth  covering  over  a 
concrete  deck  is  apt  to  show  such  depressions  after  wet  weather,  unless  the  earth  or 
gravel  covering  is  more  than  12  in.  thick.  The  covering  over  an  arch  reduces  in 
depth  gradvially  to  a  desirable  minimum  of  8  in.  to  12  in.,  and  there  is,  therefore,  no 
lormation  of  chuck-holes  if  earth  covering  is  used,  nor  any  difference  between  the 
larth  covering  of  the  bridge  and  the  earth  foundations  of  the  road  or  street  itself. 
Any  kind  of  pavement  or  surface  can  thus  be  obtained  over  the  arch  with  the  same 
construction  as  the  roadway  approaches. 

As  a  community  grows  older  it  frequently  becomes  necessary  to  widen  bridges  to 
provide  for  increasing  traffic  that  could  not  have  been  foreseen,  or  that  would  have 
required  excessive  cost  in  the  original  construction.  It  sometimes  occurs  that  a  bridge 
is  erected  with  a  i6-ft.  roadway,  and  that  later  the  coming  of  an  inter-urban  railway 
builds  up  the  community  about  the  bridge,  necessitating  a  structure  of  much  wider 
roadway.  Through  bridges  of  truss  or  girder  type  cannot  ordinarily  b-^  widened  without 
scrapping  the  superstructure.  If  the  supporting  steel  trusses  or  girders  were  originally 
heavy  enough  to  carry  the  additional  load,  which,  of  course,  is  rarely  the  case,  they 
can  be  niovcd  apart  and  supplied  with  heavier  floor  beams. 

Deck  bridges  and  arches  can  be  widened  at  any  time  without  loss  of  any  of  the 
original  investment  except  moving  the  railing  and  jjossibly  burying  the  spandrel  walls 
in  the  added  fill. 

Simplicity  in  Design  and  Erection. —  In  the  matter  of  analysis,  the  reinforced 
concrete  arch  is  far  from  being  ideal  and  is  jjerhaps  as  difficult  an  engineering 
structure  to  deal  with  as  has  been  devised. 

In  erection,  on  the  contrary,  simplicity  lies  with  the  arch.  The  erection  of  centres 
and  placing  of  reinforcement  requires  only  the  ordinary  skill  of  an  average  carpenter. 
The  finishing  of  the  concrete  requires  skilled  men,  but  a  larger  proportion  of  the 
concrete  arch  is  erected  with  unskilled  labour   than   in   the   case  of  any  other  type  of 
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bridge.  A  concrete  girder  is  more  simple  in  form  erection  than  the  arch,  but  much 
more  complicated  in  the  placing  of  the  steel  reinforcement,  which  is  not  onlv  four  or 
five  times  as  heavy  as  that  for  the  same  span  arch  but  is  also  much  more  complex  in 
details  of  fabrication. 

LIMITATIONS    OF   THE    ELASTIC   THEORY. 

The  elastic  theory  as  applied  to  reinforced  concrete  arches  is  still  in  its  elementarv 
stages  of  development.  No  method  has  yet  been  devised  of  satisfactorily  analysing  an 
arch  of  concrete  in  which  any  material  tension  occurs.  No  satisfactory  method  of 
determining  the  tension  stress  in  the  steel  is  known.  Xo  text-book  shows  anv  proper 
application   for  moving  load   analysis  for  arches  on  piers.      A  serious  objection  to  the 


30  ft.  Span. 
Reinforced  Conxrete  Bridge  in  Colbmbia  Park,  Lafayette,  Indmna. 


elastic  theory  is  that  as  ordinarily  applied  it  shows  excessive  stresses  at  the  springings 
for  temperature  changes.  These  extreme  stresses  do  not  actually  occur,  and  some 
designers  have  endeavoured  to  offset  them  by  permitting  higher  allowable  stresses  for 
temperature  variations  or  by  assuming  a  low  range  of  temperature.  Just  why  a 
higher  allowable  stress  should  be  permissible  for  temperature  variations,  which  recur 
more  frequently  than  for  a  fixed  load,  is  difficult  to  explain.  Common  sense  would 
indicate,  regardless  of  experiments,  that  a  range  of  ±^o  deg.  would  be  the  least  that 
could  be  expected  in  this  latitude* 

Even    so    good     an    authority    as     Professor     Howe    says     in     his     text-book    on 
"  Symmetrical  Masonry  Arches,"  page  8i  : 

"  As  a  large  number  of  railway  bridges  have  been  built  upon  practically  the 
dimensions  we  assumed,  and  no  indications  of  failure  having  been  found,  we  must 
conclude  that  the  range  of  temperature  change  (±40°)  assumed  in  this  example  is 
very  much  too  great.  Furthermore,  it  requires  a  drop  in  temperature  of  only 
four  degrees  to  completely  balance  the  compression  produced  by  the  dead  load  in 
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the  upper  fibres  at  the  support.  Without  question,  then,  our  assumptions  about 
the  effect  of  temperature  chanjies  are  not  correct.  L'ntil  we  know  more  about  the 
subject  it  is  useless  to  make  calcukitions  accordinj^  to  the  ordinary  assumptions." 

Vet  the  range  of  temperature  undoubtedly  is  as  great  as  that  assumed,  and  this  has 
been  confirmed  by  recent  experiments.  A  large  part  of  the  difficulty  consists  in  the 
limited  length  of  arch  ring  usually  assumed  to  be  elastic. 

The  temperature  stresses  in  an  arch  arc  not  as  extreme  as  those  in  the  bedstead 
girder  type  of  concrete  bridge,  in  which  the  span  is  supported  on  legs  of  reinforced 
concrete  with  no  provision  for  expansion  and  oonitraction.  P^or  spans  exceeding  30  ft. 
the  temperature  stresses  in  such  a  structure  may  become  very  severe,  but  are  often 
overlooked  because  the  girder  and  abutment  are  analysed  separately,  whereas  the 
elastic  theory  for  arches  necessarilv  involves  the  relation  of  the  abutment  to  the  arch. 
The  detrimental  effects  of  temperature  in  a  bedstead  concrete  bridge  are  magnified, 
too,  by  the  earth  pressure  back  of  the  su])ports. 
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It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method ive  are  adopting,  of  dividing  the  subjects  into  sections,  is,  tve  believe,  a 
neiv  departure. — ED. 

THE  CONCRETE  INSTITUTE. 

INTERIM  REPORT  OF  THE  TESTS  STANDING  COMMITTEE 

ON  THE  TESTING  OF  CONCRETE,  REINFORCED  CONCRETE, 

AND  MATERIALS  EMPLOYED  THEREIN. 

The  intcri>n  report  of  tlic  Tests  Stuiuliiig  Co))ii)iittce  of  the  Concrete  histitiite  on  tJie 
Testing  of  Concrete,  etc.,  ivas  discussed  at  a  meeting  of  the  Institute  held  i)i  April 
/as/,  and  we  give  a  sujiiniary  of  this  discussion  below.  The  report  itself  had  already 
appeared  in  our  issue  of  July,  191 1,  hut  we  publish  it  again  so  that  our  readers  may 
study  it  in  conjunction  zvith  the  discussion. 

For  the  purpose  of  this  report  the  materials  employed  in  concrete  and  reinforced 
concrete  will  be  classified  under  the  following  headings  : — 

(a)  CoARSK  Material.  {c)  Cement. 

(b)  Sand.  (d)  Water. 

[e]  Steel. 
This    report    does    not    take    into    consideration,    so    far    as    applied    to    reinforced 
concrete,  any  coarse  material  which   does  not  pass  an  aperture   of  f  in.  by  f  in.  and 
which  is  not  retained  on  an  aperture  of  \  in.  by  3  in.     The  material  used  for  coarse 
material  generally  can  be  classified  under  the  following  headings  : — 


(/)   Sea  gravel,  crushed. 
(g)   Crushed  rock. 
{h)   Crushed  brick. 
(/)   Crushed  slag 
(;')   Clinker  and  coke  breeze, 
suitable    material    for    reinforced 


best   results    in    concrete,    the 


(a)   Pit  gravel. 
(h)   Do.  crushed. 

(c)  River  gravel. 

(d)  Do.  crushed. 

(e)  Sea  gravel. 
Classes    (z)    and    (/)    are    not    recommended    as 

concrete. 

This   Committee   is   of   opinion    that    to   obtnm    the 
coarse  material  and  sand  should  be  properly  graded. 

Unfortunately  the  principle  of  grading  coarse  material  and  sand  is  very  little 
resorted  to,  and  consequently  there  are  few  data  on  this  important  subject. 

This  is  now  being  considered  in  detail  by  the  Committee,  and  a  further  report 
will  be  issued  in  due  course. 

'  The  accompanying  diagram  giving  the  result  of  a  series  of  tests  shows  that  the 
percentage  of  voids  in  materials  varies  according  to  the  different  sizes  and  grading 
from  35  per  cent,  to  48  per  ce^it.  It  should  be  noted  that,  owing  to  the  different 
materials  tested,  the  curve  is  very  irregular. 

This  report  does  not  take  into  consideration,  so  far  as  applied  to  reinforced  concrete, 
any  sand  which  does  not  pass  an  aperture  of  \  in.  by  \  in.,  and  which  is  not  retained 
on  an  aperture  of  -^  in.  by  -^  in. 

Sand  used  in  concrete  work  is  as  follows  : — 

(a)  Pit  sand  (other  than  that  of  glacial  origin). 

(b)  River  sand. 

(c)  Sea  sand. 

(d)  Grit  or  sand  from  crushed  coarse  material. 
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It  is  important  that  all  sand  that  is  nut  ri-taintd  on  an  apcrturi;  of  ^  in.  by   ^ri    in- 
should  be  rejected.     The  following  results  of  tests  have  been  submitted  to  this   Com- 
mittee as  showing  the  deleterious  effect  of  allowing  dust  to  remain  in  the  sand  :-- 
Proportion.     Tukke  to  Onk  (hv  Wf.icht). 
Criishi}i_i^  Tests. 


Crushines  from  Porphyritic  Granite  and  Blue- 
British  Standard  Sand  and  Cement.  grey  Whinstone  to  pass  30x30  Sieve, 
Per  Square  Inch.  including  all  Dust. 
28  Davs.  Ver  Square  Inch. 
I  28  Days. 


2,789  lb.  '  606  lb. 


Tensile  Tests 

7  Days. 

1                 28  Days. 

7  Days. 

1                 28  Days. 

182-2  lb. 

23+'6  lb. 

55-2  lb. 

104  ,b. 

Average  of  Five  Tests  at  each  Period. ' 

The  percentage  of  voids  in  sand  (which  varies  from  23  per  cent,  to  40  per  cent.)  is 
shown  in  the  accompanying  diagram. 

As  will  be  seen  from  the  accompanying  diagram,  according  to  the  various  pro- 
portions of  graded  coarse  material  and  sand,  the  percentage  of  voids  varies  from  24  per 
cent,  to  30  per  cent. 

All  cement  should  be  tested  and  analysed  in  accordance  with  the  Engineering 
Standard  Committee's  latest  specihcation.  The  Tests  Standing  Committee  of  the 
Concrete  Institute  strongly  recommends  that  in  addition  the  crushing  strength  of  the 
cement  should  be  ascertained  in  the  following  manner  : — 

Cubes  mixed  in  the  proportion  of  3  parts  of  standard  sand  to  i  part  of  cement, 
bv  weight,  shall  be  made  up  and  treated  in  all  respects  similar  to  briquettes  of  sand 
and  cement  for  the  tensile  test,  but  the  test  specimens  for  crushing  to  be  3-in.  cubes. 
The  crushing  strength  shall  be  not  less  than  ten  times  the  tensile  strength  at  twenty- 
eight  davs  required  by  the  British  Standard  Specification. 

This  Committee  is  of  opinion  that  it  is  not  advisable  to  define  the  proportion  of 
water  to  be  used  in  mailing  up  concrete  or  test  specimens  of  cement  and  concrete,  as 
this  quantity  must  be  more  or  less  dependent  on  the  variations  in  the  weather  and  th<' 
nature  of  the  coarse  material  and  sand  used  in  each  particular  case ;  but  it  is  generally 
considered  that  the  concrete  should  be  mixed  to  a  plastic  state,  though  not  so  wet  a-, 
to  allow  any  dripping  of  the  cement,  water,  and  sand. 

The  following  tests  are  recommended  for  all  steel  work  for  use  in  reinforced 
concrete. 

The  steel  shall  attain  an  ultimate  tensile  strength  of  not  less  than  60,000  lb.  per 
sq.  in. 

The  steel  shall  withstand  a  stress  of  at  least  34,000  lb.  per  sq.  in.  b?for?  showing 
any  appreciable  permanent  set. 

The  contraction  of  area  ai  fracture  shall  be  not  less  than  45  per  cent. 

(Or)  The  elongation  in  the  case  of  bars  of  i-in.  diameter  and  under  shall  be  not 
less  than  25  per  cent,  measured  on  a  length  equal  to  eight  times  the  diameter  of  th? 
bar  tested. 

The  elongation  shall  be  measured  in  the  case  of  bars  over  i-in.  diameter  on  :i 
length  equal  to  four  diameters  of  the  bar,  and  shall  be  not  less  than  30  per  cent. 

All  steel  shall  stand  bending  cold  to  an  angle  of  180°  around  a  diameter  equal  to 
that  of  the  piece  tested,  without  fracturing  the  skin  of  the  bent  portion. 

The  steel  shall  be  free  from  scabs  and  flaws. 

For  the  purpose  of  ascertaining  the  crushing  resistance  of  concrete  the  following 
particulars  shall  be  complied  with  : — 

{a)   All  test  pieces  sh.all  be  4-in.  or  6-'n.  ciibe. 

(b)  Number  of  test  specimens  for  each  test  shall  be  six. 

(c)  Three  rubes  shall  be  made  in  the  laboratory  and  three   for  each  test  shall  be  made  on 

the  works. 

"  Tests  mide  for  Messrs.  Scott  &  Fraser  bv  Messrs.  D.  Kirkaldy  ^S:  Son. 
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(d)  The  cement  for  each  series  of  cubes  shall  be  taken  from  the  same  consignment. 

(e)  Ail  laboratory-made  test  cubes  shall  be  made  as  far  as  possible  on  practical   lines,  so 

that  the  results  of  the  tests  shall  be  such  as  can  be  reasonably  expected  from  concrete 
in  actual  work  with  proper  care  and  attention. 
(/)   Specimen   cubes    from   the  works   shall   be   made   with   concrete  taken    from    the   actual 
mixing  platform  ;  the  concrete  used  for  the  specimen  cubes  shall  be  taken  from  the 
various  batches  of  concrete  prepared  for  use  in  the  works. 
(g)   In  all  cases  specimen  pieces  shall  be  made  in  metal  moulds,  and  the  concrete  worked 

in  by  "punning'"  and  "tamping"  and  afterwards  gently  rammed. 
The  following  particulars  shall  be  taken   or  ascertained  of   the  materials  used   in 
the  test  specimens  of  the  concrete  : — 

{a)   Full  test  on  cement  as  specified  in  Clauses  12  and  13. 

{b)  The  coarse  material  and  sand  for  the  laboratory  tests,  wliich  is  to  be  taken  from  bulk 
as  delivered  to  the  works,  shall  be  sieved  to  the  following  degrees  and  the  voids 
ascertained  of  (i)  the  whole  and  (2)  of  each  separate  grading  :  — 

Coarse  Material. 
To   pass   an   aperture   of — 
I  in.   by   5  in. 
I  in.  by  i  in. 
5  in.  by  5  in. 
i  in.   by   §  in. 

Sand. 
To   pass   an   aperture   of — 
g  in.   by     g  in. 
B  in.  by     g  in. 
t\  in.   by   j\  in. 
g\  in.   by    3^5  in. 
(c)   The  proportion  of  each  grading  to  the  whole 
{e)   The  specific  gravitj'  of  the  coarse  material  and  sand. 
(b)  The  exact  dimensions  of  specimen  cubes. 

{c)   The  weight  per  cubic  foot  of  all  specimens  immediately  before  testing. 
(/)   The  testing  of  concrete  specimens  shall  be  conducted  on  three  laboratory  specimens,  and 
three    specimens    made    on    the    work    (see    Clause    21),    and    shall    be    tested    at    the 
following  periods  :  — 

Minimum   Tests.  7  days 

(Recommended       as  28     ., 

the       least       that  56     ,, 

should    be    under-  go     ., 

taken).  6  months 


To  be 

retained 

on  an  aperture  of — 

i  in. 

by   1  in. 

5  in. 

by   5  in. 

i  m. 

b\-   i  in. 

5  in. 

by  5  in. 

To  be 

retained 

on  an  aperture  of — 

k  in. 

by     k  in. 

i\  in. 

by   Jg  in. 

3I5  in. 

by   3^5  in. 

io  in. 

bv   5^j  in. 

M  edium 

Tests. 

7 

days 

(Recommended 

to 

28 

be 

undertaken 

56 

., 

wherever        p 

0  s- 

go 

,. 

sible). 

Q 
( 

months 

year 

years 

Maximum  Tests. 

7 

days 

I    year 

(Recommended     for 

28 

.  J 

2  years 

extensive        struc- 

56 

3        •> 

tures       and       re- 

go 

4 

search). 

6 

month 

5 

All  specimens  shall  be  kept  in  air  after  mixing  and  slightly  damped  for  the  first 
seven  davs. 

All  cubes  made  up  on  the  works  shall  be  forwarded  to  the  laboratory  on  the  fifth 
dav. 

After  the  expiration  of  seven  days  specimens  shall  be  kept  under  cover  for  the 
purpose  only  of  protection  from  the  direct  action  of  rain  and  direct  sunrays. 
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Thi'  C'omniitlee  is  (;f  opinion  tlial  for  the  purpo^se  of  providing  for  the  cost  of  testing 
a  provisional  sum  should  be  included  in  all  contracts  where  such  testing  will  be 
required,  this  being  the  most  satisfactory  and  fairest  way  to  all  parties  concerned. 

(Signed)         William  G.  Kirkaldv, 

Chairman  of  Tests  Standing  Committee. 
(Signed)         A.   Alban  H.  Scott, 

Hon.  Secretary  of  Tests  Standing  Committee. 


REPORT  OF  THE  TESTS  STANDING    COMMITTEE   ON   THE  TESTING  OF 
REINFORCED  CONCRETE  STRUCTURES  ON  COMPLETION. 

It  is  frequently  specified  that  test  loads  should  be  applied  to  finished  structures  of 
reinforced  concrete  shortly  after  completion.  It  should  be  recognised,  however,  that 
such  tests  should  in  no  wise  reduce  the  care  to  be  exercised  in  the  supervision  of  the 
work  by  those  responsible.  Since  the  test  loads  are  generally  applied  only  to  specific 
parts  of  the  work,  such  tests  do  not  necessarily  prove  that  the  work  has  been  properly 
executed  either  in  whole  or  in  part. 

The  test  load  should  not  be  applied  to  any  part  until  the  expiry  of  ninety  days 
from  the  last  day  of  laying  the  concrete. 

The  deflection  of  beams  under  a  test  equal  to  the  full  working  load  for  which  the 
beams  were  designed  should  not  exceed  i/ioooth  of  the  span. 

In  order  to  impose  the  full  load  upon  a  floor  or  roof  beam  under  test  the  two  bays 
of  f^oor  or  roof  adjoining  require  to  be  loaded  all  over,  otherwise  a  considerable  portion 
of  the  load  is  transmitted  to  the  adjoining  beams  and  the  full  load  does  not  come  upon 
the  beam  under  test. 

Not  more  than  the  superimposed  load  for  which  the  beam  has  been  designed, 
plus  50  per  cent.,  should  be  applied  as  a  test  load. 

When  test  loads  are  applied  the  materials  used  for  loading  should  be  put  on  in 
such  a  manner  that  no  arching  action  whatever  can  take  place,  otherwise  incorrect 
results  will  be  obtained. 

If  systematic  and  thorough  supervision  be  given  by  the  professional  adviser  during 
course  of  construction  the  application  of  test  loads  to  the  finished  structure  is  not  so 
necessary. 

Test  cubes,  if  kept  in  an  even  temperature,  which  should  be  the  same  as  that 
specified  for  cement  briquettes,  form  a  means  of  gauging  under  standard  conditions 
the  resistance  to  thrusting,  and  cubes  kept  in  the  open  air  will  give  the  values  for  the 
concrete  in  actual  practice.  The  results  of  these  two  sets  of  tests  will  be  helpful  in 
determining  at  what  age  the  work  is  strong  enough  to  sustain  the  loads. 

I 
DISCUSSION. 

Mr,  M.  E.  Yeatman,  M.Inst.C.E.,  M.Am.Soc.C.E.  —  He  had  not  had  an  opportunity  of 
making  a  study  of  the  report  till  he  came  into  the  room,  and  had  not  gone  sufficiently  into 
the  question  of  testing.  There  were  many  points,  however,  which  it  would  be  valuable  to 
have  discussion  upon. 

The  question  of  the  proportion  of  water  had  always  been  a  difficulty,  and  he  thought 
the  Committee  were  probably  wise  in  putting  it,  that  it  was  impossible  to  prescribe  numerically 
the  proportion  of  water  to  be  used.  It  must  be  judged  by  the  conditions  and  the  results  in 
mi.xing. 

In  the  question  of  the  grading  of  the  materials  it  was  very  valuable  to  have  the  materials 
measured  or  tested  in  the  manner  prescribed,  to  see  what  proportion  there  was  of  all  the 
different  sizes  and  what  proportion  »of  voids  each  size  left.  But  in  his  opinion  it  was  not 
desirable  to  use  materials  of  uniform  sizes.  The  different  proportions  should  be  mi.xed,  for 
this  reason,  namely,  that  a  uniform  material,  that  is  to  say  a  material  in  which  all  the 
particles  were  about  the  same  size,  would  leave  an  amount  of  voids  ranging  from  30  to  50  per 
cent.,  or  45  per  cent.,  sometimes  it  is  nearly  50  per  cent.,  so  that  you  could  not  secure  having 
the  voids  in  that  broken  stone  filled  unless  you  had  at  least  half  its  amount  of  sand  And 
you  could  not  secure  the  voids  in  that  sand  being  filled  by  cement  unless  you  had  at  least  half 
the  amount  of  the  cement,  that  is,  if  the  broken  stone  and  the  sand  were  respectively  of  uniform 
size.     But  if  the  sand  consisted  of  particles  of  a  good  many   :!ifferent  sizes,   then  the  smaller 
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particles  would  fill  up  some  of  the  voids  between  the  smaller  ones,  and  it  would  not  require 
so  much  cement  to  fill  up  the  ultimate  ones,  in  fact,  it  would  be  found  that  in  material  where 
the  particles  consist  of  a  lot  of  difTerent  sizes  mixed  the  total  number  of  voids  would  be  a 
good  deal  less  than  if  all  the  sizes  were  uniform.  In  describing  mixed  concrete  that  fact 
should  be  taken  into  account,  and  in  order  to  know  how  to  deal  with  your  materials  it  was 
very  valuable  to  know  of  what  dilTerent  sizes  they  were  composed,  and  in  what  proportions 
those  sizes  were  present. 

It  was  very  wise  to  specify  the  time  after  the  conclusion  of  the  work  before  a  test  could 
be  safely  applied.  He  had  heard  of  tests  being  applied  a  very  short  time  after  the  work  was 
set,  which  was  very  risky,  though  ultimately  the  strength  might  be  all  that  was  needed.  Ninety 
days  was,  he  thought,  a  wise  provision. 

Mr.  William  O.  KIrkildy,  Assoc.M.last.C.B.  —  He  agreed  with  Mr.  Veatman  that  the 
sand  should  have  as  many  different  sizes  as  possible,  and  should  have  as  few  voids  as  possible. 
The  idea  of  taking  the  voids  separately  was  really  to  find  out  whether  there  was  a  pre- 
ponderance of  large  grade  in  the  sand  or  a  preponderance  of  fine  stuff,  but  the  idea  was 
that  we  should  not  have  uniform  sand,  but  ro  attack  the  question  to  find  out  what  the  pro- 
portions were,  and  then  to  give  a  chance  to  add  any  more  of  a  certain  size,  if  possible,  to 
make  up  any  deficiency.  If  the  sand  ran  too  fine,  with  no  coarse  grade,  there  would  be  a 
chance  to  correct  that.  Certainly  it  was  very  desirable  to  get  the  size  as  varied  as  possible 
from  the  coarse  down  to  the  fine.  That  makes  a  denser  concrete,  and,  of  course,  better  work 
and  a  much  higher  physical  strength  too.  The  crushing  strength  was  in  very  direct  relation 
to  the  sands  in  the  concrete.  And,  of  course,  it  was  economy  in  the  cement  as  well.  If  you 
could  get  your  aggregate  in  the  sand  to  have  as  few  voids  as  possible  the  cement  was  practically 
easy  for  you.  It  was  wasteful  to  use  cement  for  filling  cavities,  as  used  to  be  done  in  the  old 
days,  before   they   studied   concrete  questions   as   they  had   recently. 

He  could  assure  the  meeting  that  very  great  consideration  was  given  to  the  report  by  the 
members  of  the  Committee,  so  as  to  try  and  cover  all  the  ground.  Of  course,  they  aimed  high. 
Some  men  might  think  the  tests  are  more  complete  than  necessary,  but  they  could  always  be 
cut  down.  The  tendency  in  practice  was  to  have  fewer  tests,  but  they  had  started  out  to  give 
a  programme  of  what  they  thought  would  be  advisable. 

Mr.  D.  B.  Butler,  Assoc.M.last.C.E.,  F.C.S.— Mr.  Kirkaldy  made  one  point  as  to  the 
tests  of  concrete  and  suggested  their  being  fewer  ;  perhaps  they  would  be  almost  cleared  out. 
Well,  he  thougnt  there  was  a  good  deal  m  that  point  because  if  all  these  tests  which  are 
mentioned  were  carried  out  with  a  few  lots  of  aggregate  it  would  be  extremely  necessary  to 
put  in  force  paragraph  23  of  the  Report,  by  which  the  cost  of  testing  should  be  provided  for 
in  the  contract.  He  was  afraid  all  these  tests  if  so  carried  out  would  form  a  very  large 
proportion  of  the  cost  of  the  work. 

He  was  particularly  struck  with  the  statement  on  page  4  of  the  report,  where  it  was 
suggested  that  the  voids  should  be  ascertained  of  (i)  the  whole  and  (2)  of  each  separate 
grading.  That  was  really  carrying  it  too  far.  The  same  thing  appeared  on  the  next  para- 
graph :  (c)  The  proportion  of  each  grading  to  the  whole,  (e)  the  specific  gravity  of  the  coarse 
material  and  sand,  (b)  the  exact  dimensions  of  specimen  cubes,  (c)  the  weight  per  cubic 
foot  of  all  specimens  immediately  before  testing.  Xow,  that  all  seemed  to  him  to  be  more 
or  less  needless  expense.  The  same  remarks  applied  more  or  less  to  the  dates  at  which 
the  cubes  should  be  tested.  The  minimum  tests  suggested  were  from  seven  days  to  twelve 
months.  Well  now,  surely,  if  one  waited  twelve  months  before  getting  a  final  test  the 
work  had  all  been  done,  good  or  bad,  and  it  could  not  be  altered.  It  seemed  to  him  that 
anything  beyond  a  twenty-eight  days  test  for  control  purposes  was  unnecessary.  It  might 
be  useful  for  research  and  for  data  afterwards,  but  for  control  purposes  sur&ly  anything 
after    tweniy-eight    days    was    not    much    use. 

Mr.  A.  O.  Trecbman,  F.C.S.  —  Personally  he  was  very  much  against  the  testing  of 
cement  in  a  neat  state.  He  had  supervised  the  testing  of  many  thousands  of  blocks,  and 
thought  it  was  only  accumulating  a  huge  mass  of  detail  to  record  neat  tests.  Cement  is 
purchased  as  a  cementitious  material,  and  it  was  its  cementitious  value  that  should  be 
arrived  at,  and  that  was  not  arrived  at  by  testing  cement  neat. 

He  was  a  believer  in  the  crushing  test,  and. thought  it  ought  to  be  done  more  systematically 
and  more  regularly.  In  diffeient  works  he  had  carried  out  a  good  many  crushing  tests 
and  compared  them  with  the  tensile  tests  with  cement  in  the  course  of  manufacture,  and 
the    results    were    very    interesting. 

Mr.  R.  N.  Sinclair.  —  In  the  first  page  of  the  report  pit  gravel  was  included  in 
the  coarse  material.  Did  the  Committee  consider  the  advisability  or  otherwise  of 
thoroughly    examining    this    pit    gravel,    and    if    necessary    washing    it    before    it    was    used. 
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Of  course,  one  knew  the  loam  and  clayey  matters  attached  to  pit  gravel  naturally  when 
it  is  got  out,  and  in  the  majority  of  cases  it  was  not  sufficiently  good  simply  to  take  that 
ballast    and    put    it    into    the    concrete. 

Coming  to  the  question  of  sand,  he  thought  that  confining  oneself  to  an  aperture 
of  i-5oth  of  an  inch  if  they  used  sea  sand  they  wx^uld  lose  the  sand  altogether.  It  seemed 
to  him  that  i-5oth  by   i-soth  of  an  inch  was  certainly  a  large  mesh  to  use   for  sea  sand. 

He  would  like  to  ask  the  Committee  if  they  had  absolutely  decided  that  sea  water 
was  not  to  be  used  and  that  fresh  water  was  the  water  to  use?  Contracts  were  made  at 
the  seaside  for  docks,  and  perhaps  contractors  would  get  a  bucket  overboard,  or  get  down  to  a 
quay  and  get  a  backet  overboard  if  they  were  not  watched.  He  would  like  to  know  if 
the    Committee    had    come    to    a    definite    conclusion    on    that. 

Had  the  Committee  considerad  the  question  as  to  how  long  a  time  should  elapse 
after  the  concrete  was  deposited  in  the  moulds  or  on  the  shuttering  before  that  shuttering 
was  removed?  Of  course,  it  was  an  important  thing  for  a  contractor;  if  a  contractor 
had  a  large  area  of  floor  and  girders  and  beams  to  do  it  really  was  an  important  question 
to  him,  the  question  of  this  centering,  and  when  a  price  was  asked  for  it  was  the  first  thing 
he  looked  at.  There  was  no  mention  here  of  that,  but  it  was  a  question  they  were  face  to 
face    with    in    actual    practice. 

Mr,  Pircl  al  At.  Frtser,  A.R.l.B.A.  —  As"  a  member  of  this  Committee  he  would  just 
like  to  try  and  answ-er  one  or  two  of  the  (jueries  which  had  beeri  put  forward.  The  last 
speaker  had  rather  mistaken  the  function  of  this  Committee.  It  was  not  in  any  sense 
drawing  up  a  specification  of  workmanship  and  materials.  It  was  purely  a  question  of 
testing.  An  engineer  has  certain  materials  made  and  unmade,  and  he  had  to  put  them  to  a 
test,  and  this  report  lays  down  the  general  rules  that  govern  his  testing  of  those  materials. 

The  last  speaker  mentioned  the  period  for  striking  centering.  That  was  not  in  any 
way  a  matter  for  this  Committee  to  report  on. 

He  spoke,  quite  rightly,  as  to  testing  for  cleanliness.  That  is  an  omission  from  this 
report.  It  was  a  very  vital  thing  to  get  your  sand  and  aggregate  quite  clean,  and  it  should  be 
emphasised  in  this  report. 

It  is  often  said  that  fine  stuff  in  sand  is  no  detriment  to  the  sand,  but  he  thought  the 
Committee  were  wise  in  fixing  the  minimum  size  of  i-5oth  in.  by  i-soth  in.  All  stuff  retained 
at  that  to  be  rejected;  probabh  a  little  more.  Iri  strict  theory  a  little  below  that  size  might 
be  efficacious,  but  the  danger  was  that  you  may  get  a  great  deal  below  that  size,  which 
was  distinctly   detrimental. 

With  regard  to  determining  the  amount  of  water,  the  point  was  not  laid  down  in  hard 
and  fast  and  dogmatic  rules.  Of  course,  the  amount  of  water  should  be  determined,  but  it 
should  be  determined  by  actual  practice  on  one's  work. 

On  page  4,  section  21,  sub-section  (c)  it  said  : — "  All  laboratory-made  test  cubes  shall 
be  made  as  far  as  possible  on  practical  lines."  But  there  was  a  value  in  a  purely  laboratory 
test.  It  showed  the  acme  of  strength  which  could  be  obtained  by  those  materials  if  they 
were  really  mixed  on  scientific  lines.  He  did  not  care  for  laboratory-made  tests  unless 
they  were  frankly  made  for  that  purpose.- 

The  seven  da\s'  test  was  not  usual  for  concrete.  Most  people  seemed  to  think  th:;t 
fourteen  days  was  the  first  valuable  period  at  which  one  could  test.  He  thought  a  seven 
days'  test  was  absolutely  essential.  Reinforced  concrete  in  these  days  was  generally  rushec] 
through  pretty  quickly  :  we  want  to  find  out  equally  quickly  what  kind  of  material  we  are 
dealing  with. 

A  gentleman  suggested  the  elimination  of  neat  tests  of  cement,  but  that  was  going 
a  trifle  far.  We  have  learned  the  bearing  of  neat  cement  at  750  lb.  to  the  in.  ;  we  have 
learned  by  indirect  experimtnt  the  result  likely  to  be  got  from  a  neat  cement  which  stands 
a  tensile  trength,  and  until  w-e  had  educated  ourselves  up  a  little  more  he  did  not  think  quite 
we  ought  to  drop  it. 

Mr.  J.  B.  Travers  Solly,  Assoc.M  Inst.C.E.  —  With  reference  to  the  size  of  sand,  he 
imderstood  that  this  report  was  not»supposed  to  deal  with  materials  used  in  concrete,  but 
only  with  the  question  of  testing  the  materials.  But  still  the  Committee  had  made  the 
remark  that  it  was  important  that  all  sand  not  retained  on  an  aperture  of  i-5oth  in.  by  r-soth  in. 
should  be  rejected.  Well,  concrete  work  was  not  al!  done  in  l^ngland,  and  in  some  places 
it  was  very  difficult  to  get  the  carefully  graded  sand  that  was  advised  b^-  the  Committee. 
And  with  reference  to  that  he  would  like  to  mention  that  in  some  cases  it  might  be  better 
to  use  a  sand  that  had  a  comparatively  large  proportion  of  fine  dust  than  to  use  a  drift 
sand  with  round  grading.  He  had  the  opportunity  of  testing  a  sand  under  these  conditions. 
The   mortar   was   2   to    i,    i    cement,    2    sand.     He   had    drift    sand,    which   was   very    rounded, 
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and  crushed  san.l,  which  liad  a  very  large  amount  of  flour.  The  1  ricjuettes  were  tested 
at  seven  days  and  fourteen  days,  and  he  had  three  briquettes  each  test.  With  ordinary 
mi.xing,  starting  with  drift  sand,  that  was  a  rounded-edged  sand,  and  cement,  from  that 
to  the  crushed  sand  containing  flour,  ordinary  mixing,  at  seven  days  he  got  an  increase 
of  29  per  cent,  in  strength,  tensile,  of  course.  With  the  same  crushed  sand,  using  more 
water  and  mixing  it  very  thoroughly,  he  got  an  increase  of  60  per  cent.  At  fourteen 
days  he  got  similar  increases  of  20  per  cent.'  and  34  per  cent,  and  he  attributed  it  entirely 
to  the  fact  that  the  crushed  sand  was  sharp-edged  sand,  whereas  the  drift  sand  had  no 
sharp  edge.  He  thought  in  every  case  the  quality  of  the  sand  could  be  very  easily  judgefl 
under  a  magnifying  glass,  and  that  ought  to  be  taken  into  (onsideration  in  connection 
with  the  question  of  passing  a  sand  that  has  fine  grading. 

With  reference  to  the  testing  of  briquettes,  or  rather  the  condition  in  which  the 
briquettes  should  be  kept,  it  was  specified  in  the  report  that  all  specimens  should  be  kept 
in  air  after  mixing,  and  slightly  damp  for  the  first  seven  days.  He  did  not  know  that 
that  was  the  usual  system.  Up  to  the  last  time  he  was  doing  any  testing  he  covered  the 
briquettes  with  a  damp  cloth  for  twenty-four  hours,  then  took  them  out  of  the  moulds  and 
placed  them  in  water,  and  the\  were  kept  in  water  lor  the  six  days,  making  seven  days  in 
all,  and  then  tested. 

Mr.  Arthur  Wm.  Bjagard,  L.R.I.B.A.—  He  found  in  the  report  that  the  tensile  strength 
of  the  steel  required  was  given,  but  no  strength  was  mentioned  as  to  the  crushing  or  the 
tensile  strength  of  the  concrete.  Ht.d  the  Committee  leit  that  out,  or  did  they  not  intend 
giving  it?     If  they   gave  it   for  the  steel  why  not   for  the  concrete? 

In  the  second  place,  with  regard  to  the  cubes,  the  work  would  be  done  by  the  workmen, 
and  it  seemed  to  him  that  the  cubes  should  be  made  on  the  spot,  and  the  tests  should  be 
made  on  those  cubes  and  not  on  a  laboratory  test  at  all.  It  was  possible  perhaps  for  a 
test  on  the  laboratory-made  blccks  to  be  far  higher  than  on  those  made  by  the  navvy. 

Mr,  Yeatmaa.—  He  had  omitted  to  ask  whether  Clause  18  and  iSAj  providing 
for  a  large  percentage  of  elongation  or  contraction  of  area  at  fracture,  did  not  exactly 
bear  out  the  use  of  a  higher  tensile  steel  which  would  stand  more  than  60,000  lb.  per  sq.  in. 
would  not  elongate  so  much  as  the  figures.  He  understood  that  the  tests  on  the  twisted 
square  bars,  even  though  they  were  made  of  steel  of  about  that  quality,  show  that  the 
twisted  bars  had  a  considerably  higher  ultimate  strength  and  a  very  much  higher  yield  01 
elasticity.  They  would  stand  about  60, coo  lb.  before  showing  much  elongation,  but  he  did 
not  think  they  would  expand  25  per  cent,  before  fracture,  but  they  make  a  very  good 
material  for  reinforcement,  and  could  be  safely  subjected,  l.e  thought,  to  a  higher  strain 
than    the    ordinar.v    medium    steel    bars. 

Mr.  Roberts.—  Might  he  ask  whether  there  were  any  tests  in  regard  to  the  shrinkage  of 
concrete?  He  had  never  been  able  to  get  a  definite  result  from  it.  He  was  sure  that  it 
would  be  absolutely  impossible  to  carry  out  these  tests  and  get  anything  like  the  cost  they 
were  supposed  to  have  to  ilo  it  at.  Ke  was  speaking  now  as  a  contractor  and  knowing 
the    competition. 

Then  take,  for  instance,  the  screening  of  the  coarse  material.  In  Thames  ballast 
the  amount  of  material  that  he  had  to  screen  had  to  pass  a  l-in.  mesh.  He  only  got  about 
25  per  cent,  of  the  bulk  through  the  screen.  But  because  of  the  rig  of  the  screen  he  did 
not  get  anything  like  the  percentage  of  aggregate  or  stone  he  would  get  through  if  he  ha<l 
the    proper    facilities    for    screening. 

Mr.  Tcecbmaa.  —  The  question  of  the  quality  and  the  size  of  the  sand  had  been  raised. 
First  of  all,  the  cleanness  of  the  sand  was  very,  very  important,  and  some  test  ought  to 
be  applicable  or  defined  by  which  the  suitability  of  the  sand,  its  freedom-  from  loam, 
should  be  arrived  at;  and,  secondly,  as  to  the  size  of  the  sand.  He  thought  in  preparing 
a  report  of  this  kind  one  was  rather  apt  to  assume  that  every  kind  of  good  material  was 
put  on  wherever  the  job  was.  But  supposing  now  that  sea  sand  had  to  be  used  for  a  job, 
it  was  very  likely,  as  one  of  the  speakers  suggested,  that  all  that  sea-sand  would  pass 
through  the  i-jOth  by  i-50th  in.  sieve.  Now,  if  that  was  to  be  used  would  it  not  be  a? 
well  to  specify  the  increased  quantity  of  cement  to  be  used  in  that  case?  The  number 
of  points  would  be  very  greatly  increased,  the  surface  area  would  be  very  greatly  in- 
creased,   therefore,    the    effect    of    the    cement    very    much    reduced. 

The  Chairman  (Professor  Henry  Adams).  —  Before  calling  upon  Mr.  Alban  Scott  to 
reply  he  would  like  to  say  that  they  had  had  a  very  useful  discussion,  and  he  hoped  the 
Committee   would   very    fully  coisider  the  various   points   that   had   been   raised. 

In  order  that  the  work  might  be  reliable  and  according  to  calculations,  of  course,  it 
was  necessary  to  make  careful  and  uniform  tests  of  the  materials  employed,  but  it  appeared 
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to  him  that  some  of  the  tests  pioposed  were  more  in  the  nature  of  tests  for  the  purpose 
of  research  than  for  the  stability  of  the  work.  Remarks  had  been  made  about  pit  gravel. 
Well,  pit  gravel  was  once  either  river  gravel  or  sea  gravel,  and  the  difference  in  nearly 
all  cases  was  that  there  was  a  certain  amount  of  iron-oxide  attached  to  it,  and  often  loam, 
and   when   pit   gravel   was   used   it   was   specially   necessary   to   see   that   it   was   clean. 

With  regard  to  the  question  of  grading  the  sand,  he  did  not  think  that  was  so  important 
as  grading  the  larger  material,  but  it  enabled  them  to  use  some  larger  particles  of  sand 
than    perhaps    had    formerly    been    the    custom. 

Mr.  Albaa  Scof^.— That    is    right. 

Tbe  Cbairmaa.—  l    suppose   all    the    salt   was    washed   out  of    it   by    that    time? 

\\  ith  regard  to  the  contraction  of  area,  or  the  elongation,  the  tendency  appeared  to 
be  at  the  present  time  to  prefer  the  test  for  contraction  to  that  for  elongation,  possibly 
because  there  used  to  be  at  least  three  standards  of  length,  65  inches,  that  is  100  i6ths  of 
an  inch,  8  inches  and  10  inches,  and  then  later  some  shorter  lengths  still  were  put  in,  so 
that  the  percentage  of  elongation  would  var\-  with  each  of  those  lengths,  although  it  was 
the    same    identical    material. 

The  working  in  and  "■  punning  "  and  "'tamping"  and  '"ramming"  were  varieties  of  very 
useful  processes,  but  he  thought  possibly  the  Committee  might  be  able  to  improve  upon  tie 
wording  they  had  given  to  it  there. 

The  Committee  recommend  that  a  provisional  sum  should  be  included  in  all  contracts  for 
the  cost  of  testing.  That  was  a  counsel  of  perfection,  but  they  gave  no  idea  of  what  that  cost 
will  be. 

^^  ith  regard  to  testing  the  finished  structures,  very  little  had  been  said  about  that  in  the 
discussion.  He  thought  that  was  open  to  grave  risks.  Suppose  the  structure  was  in  such  a 
condition  as  to  need  the  test,  then  the  greatest  risk  was  caused,  because  you  were  straining 
parts  beyond  their  elastic  limits,  we  will  say,  or  creating  incipient  cracks  which  did  not  fail 
at  the  time.  Perhaps  the  point  was  clearer  in  the  case  of  machinery.  It  came  to  him  very 
forcibly  a  year  or  two  ago,  when  the  Home  Office  were  formulating  their  regulations  for 
docks  and  riverside  warehouses  as  to  the  care  of  chains  and  machinery  for  lifting.  They 
argued  that  the  machinery  should  be  tested  with  the  full  load  periodically,  and  that  that 
would  be  satisfactory.  He  advised  them  that,  in  his  opinion,  that  would  be  most  unsatis- 
factory, because  it  would  lead  to  this  :  A  machine  might  be  tested  (we  will  say  it  was  doing 
nothing  but  being  tested)  time  after  time  with  the  full  load  until  ultimately  it  would  give 
way  with  the  full  load.  But  the  time  before  that,  when  it  was  tested,  it  took  the  full  load 
and  did  not  fail ;  therefore  it  is  no  safeguard,  and  particularly  in  the  case  of  crane  chains. 
He  had  had  a  very  large  quantity  of  these  through  his  hands,  and  the  responsibility  of  those 
chains  and  the  men  working  under  them,  and  he  was,  from  experience,  always  against  the 
repeated  testing  of  a  chain  by  mechanical  tests.  His  practice  was  to  have  the  chains 
periodically  taken  off,  fired — that  was,  annealed — and  examined  link  by  link,  but  not  put  under 
a  mechanical  test;  and  he  believed  that  the  examination  in  that  way  was  a  much  greater  safe- 
guard than  a  mechanical  test.  And  so  with  regard  to  testing  the  finished  building.  It  was 
very  much  better  to  see  that  you  had  propgr  supervision,  proper  designs,  and  proper  checking 
of  those  designs  before  the  work  was  put  in  hand  than  to  rely  upon  any  tests  that  you  might 
make  upon  the  finished  work  afterwards. 

REPLY    TO    THE    DISCUSSION. 

Mr.  Alban  Scott.—  He  could  not  reply  quite  in  the  sense  of  a  usual  reply  to  a  paper,  because 
he  was  not  in  any  way  responsible  for  this  Report,  except  as  one  unit  of  the  Committee.  One 
thing  struck  him  as  very  peculiar.  Only  one  gentleman  that  evening  had  criticised  the  question 
of  testing  steel.  !•  rom  their  silence  he  concluded  they  thought  it  desirable  to  test  steel, 
therefore  he  could  not  understand  why  they  objected  to  testing  concrete,  as  many  of  them  did — 
on  the  ground  of  expense,  generally.  There  was  more  human  element  employed  in  the  making 
of  concrete  than  in  the  making  of  steel,  and,  therefore,  there  was  more  chance  of  defects. 
The  specificaticn  put  here,'  or  suggested  specification,  in  the  way  of  tensile  steel  was  now 
accepted,  practically,  by  every  rolling  mill,  provided  3"ou  give  them  good  notice  that  they  could 
get  proper  billets  to-morrow.  Every  contractor  would  accept  this  specification  for  his  reinforced 
concrete,  for  this  reason — that  on  March  8th  he  gave  a  paper  on  this  subject  at  the  Society  of 
Arts,  and  one  point  there  he  tried  to  make  particularly  clear  was,  that  at  the  present  moment  the 
different  official  rules  are  taking  i,8co  lb.  as  the  ultimate  strength  of  concrete  and  are  taking 
6o3  lb.  as  a  working  load.  If  you  dragged  up  to  600  lb.  in  compression  for  your  concrete  you 
must  have  the  very  best  concrete,  and  if  you  are  not  to  have  the  very  best  concrete  then  you  had 
better   leave   it   alone   altogether. 
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Professor  Adams  said  it  was  only  a  few  years  ago  when  the  question  of  a  ^-in.  aggregate 
was  beyond  realisation,  but  now  one  could  get  aggregate  of  sand  graded  into  any  size  and  any 
proportions   for  the  cost  of   about  sixpence   a  yard  extra. 

Of  course,  the  idea  of  sorting  out  Thames  ballast  and  only  getting  25  per  cent,  was  a  thing 
of  the  past,  years  and  years  old.  If  the>'  would  not  have  their  c  ncrete  tested  and  were  to  rely 
on  haphazard  methods,  all  he  could  say  was  they  could  very  shortly  anticipate  terrible  failures 
in  this  reinforced  concrete  work.  They  had  had  a  few,  but  they  were  going  to  get  more,  unless 
the  R.I.B.A.  and  the  London  County  Council  alter  the  limit  of  1,800  lb.  and  reduce  it  to 
at  least  1,500  lb.  You  could  not,  on  any  job,  no  matter  how  carefully  it  was  done,  get  a 
higher  average  than  1,500  lb.  in  concrete  with  the  very  best  grading,  with  the  very  best 
cement,  and  the  very  best  workmanship.  Therefore,  as  long  as  they  kept  thaf  high  figure  of 
1,800  lb.  and  allowed  one  to  work  up  to  600  lb.  actual  working  stress,  every  care  must  be  given 
to  the  work. 

On  a  job  w^hich  he  was  doing  now,  reinforced  concrete  work  of  about  ;^io,ooo,  they  are 
spending  ^^'150  on  testing,  and  that  covered  in  principle  every  kind  mentioned  in  this  Report. 
He  did  not  consider  that  ;^i50  as  the  cost  of  testing  on  a  ;^io,ooo  job  was  anything  at  all 
outrageous,  or  a  price  which  anybody  would  grumble  at.  The  contractors  were  now  giving 
their  professional  people  every  help  they  could  to  get  the  work  correct,  because  they  realised 
that  there  was  danger.  One  trouble  seemed  to  be  the  extent  of  competition  in  prices  ;  but  when 
one  came  to  consider  the  question  of  safety  of  the  building  it  did  not  count. 

On  the  question  of  cleanliness  of  gravel,  we  had  had  some  most  extraordinary  results  on 
some  tested  recently.  Up  to  April  8th  we  only  had  one  or  two  tested,  and  about  7  per  cent, 
of  loam  was  the  average.  Since  that  date  we  have  had  a  good  many  tested,  and  found  the 
loam  in  pit  gravel  varied  from  5  to  29  per  cent,  of  its  bulk  in  weight,  and  the  29  per  cent, 
stuff  really  looked  comparatively  clean.  As  compared  with  quite  clean  material,  one  would 
never  realise  the  enormous  amount  of  loam  there  was.  That  material  was  submitted  for  use  in 
an   actual   structure. 

Tie  Cbair.naa  expressed  the  thanks  of  the  meeting  to  the  Tests  Standing  Committee  for 
this  Report,  and  particularly  to  Mr.  Kirkaldy  (the  Chairman)  and  Mr.  Alban  Scott  (the 
Honorary  Secretary),  because  upon  those  two  officials  the  work  of  the  Committee  chiefly   fell. 
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REINFORCED  CONCRETE  WHARF. 


NEW  WORKS  IN  CONCRETE 

AT    HOME  AND  ABROAD. 

Under  this  heading  reliable  information  luill  be  presented  of  neiv  "works  in  course  of 
construction  or  completed,  and  the  examples  selected  'will  be  from  all  parts  of  the  •world. 
It  is  not  the  intention  to  describe  these  "works  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  "which  served  as  a  basis 
for  the  design. — ED. 


REINFORCED  .CONCRETE    WHARF    AT    CORK    HARBOUR. 

The  new  Marina  Wharf,  which  lias  recently  been  completed  at  Cork  for  the  Harbour 
(rommissioners,  is  another  typical  example  of  the  use  of  reinforced  concrete  for 
Harbour  works.  In  this  case  instead  of  applying  directly  for  tenders  from  a  certain 
number  of  contractors,  licensees  of  the  various  systems,  or  from  the  specialists  them- 
selves, the  actual  scheme  for  the  work  was  placed  in  competition  between  a  few 
selected  firms  of  specialist  designers  on  a  general  design  prepared  bv  Mr.  James  Price, 
B.A.I.,  Chief  Engineer  of  the  Cork  Harbour  Commissioners. 

Each  firm  was  required  to  send  in  a  scheme  based  upon  the  rules  of  the  Roval 
Institute  of  British  Architects  for  reinforced  concrete,  and  in  accordance  with  the 
specification  of  the  engineer.  An  estimate  of  the  cost  of  the  work  was  also  required, 
together  with  a  set  of  quantities  and  a  description  of  the  competing  system. 

After  examining  the  various  schemes,  Messrs.  Edmond  Coignet,  Ltd.,  were 
selected  and  appointed  for  the  preparation  of  the  necessary  working  drawings  and 
particulars  to  enable  the  work  to  be  carried  out  by  the  Commissioners  with  their  own 
staff  and  under  the  supervision  of  their  chief  engineer. 

This  wharf,  which  has  a  total  length  of  500  ft.,  is  situated  at  the  eastern  end  of 
Cork  City  Quays.  The  wharf,  which  is  of  very  simple  structure,  is  composed  of  equal 
bays  of  15  ft.  ih  in.  in  width,  each  bay  being  supported  by  principal  and  secondary 
beams.  There  are  altogether  thirty-three  similar  bays,  and  the  total  width  of  the 
wharf  is  35  ft. 

The  deck  was  calculated  for  a  superload  of  3  cwt.  per  sq.  ft.,  with  a  test  load 
of  4^  cwt.  per  sq.  ft. 

Owing  to   the  close  spacing  of  the   secondary  beams,   which  are  onlv  about  5-ft. 


Side  View  of  Wharf. 
Reinforced  Con'crete  Wharf  at  Cork  HARBOfR. 
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centres,  the  thickness  of  tlie  slab  required  is  only  4  in.,  but  a  f^reatt-r  thickness  was 
ccmstructed  to  allow  for  wear.  The  front  piles  are  40  ft.  in  length;  the  piles  in  the 
second  row  are  31  ft.  in  length,  and  those  in  the  back  row  are  only  15  ft.  in  length, 
longer  piles  being  used  in  the  hack  and  centre  rows  where  required.  There  are  thirty- 
four  similar  rows  of  piles,  so  that  altogether  th^^re  are  102  piles. 


Work  in  Course  of  Construction. 


View  of  Finished  Wharf. 
Reinforced  Concrete  Wharf  at  Cork  Harbolr. 

A  retaining  wall  in  reinforced  concrete,  with  30-ft.  tie  backs  at  each  pile,  was  pro- 
vided at  the  back  of  the  work  to  retain  the  earth. 

The  wharf  is  strengthened  by  means  of  horizontal  and  vertical  braces,  as  shown  in 
the  illustrations.  .     ^ 

The  piles  were  all  made  of  circular  section,  having  a  certain  number  of  vertical 
bars  bound  together  by  means  of  hoops,  in  accordance  with  the  Coignet  system.     The 
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driving  operation  was  carried  out  by  means  of  a  steam  monkey  weighing  35   cwt.,  tlie 
driving  apparatus  being  fixed  on  a  barge. 

The  front  of  the  wharf  is  protected  by  means  of  wooden  fenders  attached  to  the 
reinforced  concrete  work  at  deck-level,  but  kept  6  in.  clear  of  the  concrete  at  low-water 
level. 

REINFORCED    CONCRETE    POSTS   AND    TENNIS    POLES. 

The  illustrations  on  this  page  are  good  examples  of  some  of  the  uses  to  which  reinforced 
concrete  can  be  put  for  ornamental   purposes,  where  strength  and   durability  are  also 


Reimorced  Concrete  Fosis  a.\d  Tennis  Poles. 

required.  The  upper  view  shows  some  reinforced  concrete  posts,  the  lower  one  illus- 
trating reinforced  concrete  poles  fgr  a  tennis  court.  The  posts  in  both  cases  were 
manufactured  by  the  Reinforced  Concrete  Fence  Posts  Co.,  Ltd.,  of  West  Mill, 
Buntingford,  Herts. 

REINFORCED    CONCRETE    PREMISES    IN    HIGH    STREET,    BARNSTAPLE. 
This  building  was  erected  as  showrooms  for  Messrs.   H.   R.   Williams  and  Co.,  iron- 
mongers and  sanitary  engineers  of  Barnstaple,  and  was  necessitated  by  the  nearly  total 
collapse  of  their  then  existing  premises. 

The  building,  which  is   a  three-storey  one,   is   constructed  of  reinforced   concrete, 
the  whole  of  the  floor  weights  being  transmitted  to  pillars   on  either  side  of  the  site, 
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View  of  Finished  Buildins. 
Reinforced  Concrete  Premises,  High  Strket,  Bxrnstapie. 


foundation  beams  gouig  across 
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foundations  or  bases.  The  walls,  except  to  front,  are  of  concrete  4  in.  in  thickness 
reinforced  with  steel  bars  running  into  and  bonding  with  the  pillars. 

The  pillars  are  14  in.  by  14  in.  on  ground  floor  and  12  in.  by  12  in.  above,  and 
the  beams  are  18  in.  wide  and  16  in.  deep,  with  secondary  beams  13  in.  bv  8  in.  for 
each  floor  and  roof,  which  are  also  entirely  of  concrete  and  4  in.  in  thickness.  The 
concrete  floors  are  covered  with  boarding  and  the  roof  with  an  asphalted  felt.  There 
is  a  lift  serving  the  three  floors,  the  pulley  of  which  is  supported  by  one  of  the  secondary 
beams. 

The  building  has  a  frontage  to  the  main  street  of  nearly  23  ft.,  tapering  slightly 
towards  the  back.  It  forms  an  imposing  and  attractive  front,  being  faced  with  faience 
ware  of  a  cream  colour  fastened  directly  to  the  concrete  and  as  a  finish  to  the  latter. 

The  whole  of  the  building  works  were  carried  out  bv  Messrs.  J.  Cater  and  Son,  of 
Barnstaple.  The  designs  were  prepared  and  the  building  supervised  by  Mr.  Spencer 
Edwards,  P.A.S.I.,  M.C.I.,  architect,  of  Barnstaple. 

REINFORCED    CONCRETE    PIER    AT    SANTA    MONICA,   CALIFORNIA. 

While  reinforced  concrete  has  been  largely. used  for  the  construction  of  piers,  this  is 
the  first  time  that  a  reinforced  concrete  wharf  has  been  built   into  the  Pacific  Ocean. 


Under  Side  of  P»er. 
Reinforced  Concrete  Pier  at  Santa  Monica,  California. 


The  greatest  confidence  is  expressed  in  its  ability  to  stand  the  worst  storms  of  the  bay, 
and  up  to  the  present  it  has  made  good  all  promises. 

The  pier  extends  into  the  ocean  for  a  distance  of  1,600  ft.  and  has  a  width  of  30  ft. 
No  wood  has  been  used  in  its  construction,  the  piles,  floor,  struts,  and  girders  all  being 
of  reinforced  concrete.  The  end  of  the  pier  forms  a  large  platform,  ornamented  with 
concrete,  and  there  are  two  similar  platforms  in  the  middle  of  the  bridge. 

At  first  the  pier  was  designed  as  a  pleasure  promenade,  but  later  on  it  was  decided 
to  use  it  as  a  landing  stage  for  small  pleasure  steamers.  It  has  cost  over  $115,000 
(-£^23,000). 

The  style  of  the  construction  being  new,  the  contractors  found  themsehes  almost 
daily   facing  engineering  difficulties  of  a  trying  nature.     At  first  great  boulders   were 
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cnrounlered  in  the  bed  of  the 


''< 


reuTforced  with  from  six  to  eiijht  i-in. 
6i, 


m  when  it  was  sou.ffht  to  sinii  the  petrili  d  trees  into 
the  sand.    These  had  to  be 
removed,      and     this     was 
,,  aceomplished  by  the  jettinj4 

!  of  a  stream  of  water  about 

•  the  j^reat   stones.      In   this 

way  the  obstructions  were 
rolled     out     of     the     v/ay. 
|;  At  another  time  the  stones 

'  (ln)j)|)c(i      into      strata      of 

<  ciuicksand.     It  seemed  as  if 

i^/  this  yielding  material  was 

'jf'  without     bottom,     but     in 

'  every  case  the  piles  came  to 

1^  solid  foundation  before  the 

pi  '  required     depth    'nad     been 

y'  reached. 

■  ',  In    onlv    one    instance 

'  did  the  builders  find  it  im- 

'  possible  to  roll  the  boulders 

~       out  of  the  way  and  to  sink 

.1.   .        g       the    pile   to    the    depth    de- 

'■'*        -       sired.    This  one  impediment 

'  Q       could  not  be  removed,  and 

^      there  was  nothing  to  do  but 

([  ^   ~       to   permit    the   end   of    the 

•'  ■-  2.       pile      to      rest      upon      the 

,        .    2   <       obstruction.        But     before 

2  z       this    was   done  ten    barrels 
:°  t/3       of      liquid      cement      were 

3  <  forced  by  hvdraulic  pres- 
2o  K  sure  into  the  sand  at  the 
o  ^  foot  of  the  pile  and  the  nest 
'^  'i  of  boulders. 
u  X  Hundreds  of  reinforced 
S   g       concrete  piles  were  used  in 

^       the  construction  work.    The 

5       piles     range    all     the     way 

g       from    40  ft.     to     70  ft.     in 

z       length.       In   diameter   thev 

^       vary  from   14  in.  to  22  in., 

the   first  500  being    14  in., 

the   second   section    i<S   in., 

and    the    third    22     in.     in 

diameter ;     there     are     280 

piles  in  the  pier. 

The  pile,'^  were  cast 
near  the  point  where  the 
pier  was  being  built,  and 
after  being  cured  were  con- 
veyed on  a  temporary  tram- 
way and  lowered  into  the 
sea.  They  were  sunk  into 
the  sand  from  16  ft.  to 
';  20  ft.  apart.    This  was  do":? 

by    means   of  a   water  jet. 
■\  Each    trestle    bent    of    the 

pier  was  made  up  of  three 
piles  spaced    13^   ft.   apart. 
Each    of    the    round    piles 
steel  rods,  arranged  symmetricallv  2  in.  from 
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the  outside  of  the  pile  and  tied  together  every  3  ft.  of  length  with  wire  to  a  2-in. 
pitch. 

There  is  a  bulb  point  cast  at  the  lower  end  of  each  pile,  and  into  this  the  lower 
ends  of  the  steel  reinforcing  rods  are  splayed.  The  upper  ends  of  the  rods  extend 
through  the  bracketed  heads  of  the  piles,  and  were  carried  above  the  head  of  the  pile 
to  mesh  into  the  reinforcement  of  the  concrete  girder  and  strut. 

Through  the  end  of  each  pile  was  run  a  2-in.  jet  pipe  with  a  hose  coupling  connec- 
tion in  jetting.  After  the  pile  had  been  placed  in  permanent  position  this  pipe  was 
filled  with  concrete.  After  this,  each  pile  was  enclosed  in  a  jacket  of  No.  12  steel. 
These  jackets  were  9  ft.  long  and  extended  from  3  ft.  below  the  line  of  mean  tide  to 
6  ft.   above. 

The  longitudinal  struts  and  girders  are  of  reinforced  concrete,  bolted  and  meshed 
into  the  bracketed  heads  of  the  piles  by  means  of  steel  rods.  The  floor  of  the  pier  is 
of  asphalt.  At  the  point  where  this  pier  was  being  constructed  the  slope  of  the  water  is 
very  gradual,  sloping  seaward  at  the  rate  of  about  2  ft.  to  every  100  ft. 

The  photographs  from  which  our  illustrations  were  made  were  placed  at  our 
di-^posal  by  Mr.  Fr.  Bock,  engineer,  of  Charlottenburg,  Berlin. 


Forms  for  the  Reinforced  Concrete  Piles. 
Reinforced  Concrete  Pier  at  Santa  Monica,  California. 

STEEL  SHEET   PILING   IN   THE   RECONSTRUCTION   OF   BOULTER'S  LOCK. 

To  enable  this  work  to  be  carried  out  expeditiously  a  quantity  of  the  British  Steel 
Piling  Company's  "  Universal  "  joist  steel  sheet  piling,  15  in.  by  5  in.  section,  weigh- 
ing 43  lb.  per  super  ft.  when  interlocked,  was  driven  along  the  entire  length  of  the 
western  side  of  the  lock  behind  the  part  to  be  excavated,  so  as  to  shore  up  the  ground 
to  prevent  subsidence  around  and  to  assist  in  keeping  water  out  of  the  excavations. 
Like  piling  was  also  driven  along  the  eastern  side  at  the  upper  end,  where  the  new 
lock  was  to  extend  beyond  the  limit  of  the  old  one. 

The  existing  masonry  wall  on  the  east  side  being  too  close  to  other  property  to 
peimit  rf  its  demnlitii  n   without   risk  of  interference,   it  was  left  in,  and  the  eastern 
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line   of   steel   piling'   was   driven    in    continuation    of    the   wall   northward   to    the    limit 
required  for  the  new  lock  construction. 


View  Showing  Steel  Sheet  Pilinti  in  Use. 
The  Reconstruction  of  Boulter's  Lock. 
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The  illustrations  on  pai;e  632  show  the  steel  pilini>  in  use.  The  piles  were  in 
lengths  of  20  ft.  and  25  ft.,  and  were  driven  through  Thames  ballast  and  running  sand 
to  their  full  extent.  The  piles  were  perfectly  watertight.  To  drive  them  a  patent 
steam  pile  driving  plant  with  a  steam  hammer  weighing  20  cwt.  (all  of  the  British 
Steel  Piling  Company's  pattern)  was  used. 

The  piles  took  from  4^  to  40  minutes  each  to  drive,  or  on  the  average  20  minutes 
each,  which  latter  time  was  also  the  average  required  to  withdraw  each  pile  after  the 
completion  of  the  work.  This  undoubtedly  represents  a  verv  considerable  saving  in 
time  and  expense  as  compared  with  timber  sheet  piling,  and,  in  addition,  much  less 
disturbance  of  the  ground  was  caused. 

CONCRETE    BLOCK    HOUSES    ON    THE    GIDEA    PARK    ESTATE. 

In  our  June  number  we  gave  an  illustration  of  one  type  of  concrete  block  house  on 
this  estate,  and  we  now  show  a  view  of  another  of  these  houses  of  a  slightly  different 
pattern.  All  these  houses  are  being  built  by  Messrs.  Henry  Lovatt,  Ltd.,  of  London 
and  Wolverhampton,  with  "  W'inget  "  concrete  slabs.  With  the  exception  of  the 
chimneys,  the  whole  house  is  built  of  "  \^'inget  "  blocks  and  slabs. 


Concrete  Block  House  on  the  Gidea  Park  Estate. 
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NEW  BOOKS 

AT  HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  ■which  have  appeared  during  the  last  feiu  months. 


"  Theory  of  Structures."    By  Arthur  Morley , 

.U.Sc    M.l.Mcch.E..    Professor   of   Mechanical 
Engiiieerini;  in  L'nivcrsity  College.  Suttuigham 

Published  by  Lontimans,  Green  &  Co.,  39  Paternoster 
Kow,  London.     Price  7/6  net.     8vo.,  574  pp.  +  xii. 

Contents. — Stress    and    Strain — Working 
Stresses — Statics — Bending    Moments 
and     Shearing     Forces — Stresses     in 
Beams — Moving  Loads — Deflection  of 
Beams — Elasticity    of    Beams — Direct 
and  Bending  Stresses — Framed  Struc- 
tures— Stresses     in     Frames — Moving 
Load    Stresses    in    Frames — Selected 
Typical     Framed    Structures — Deflec- 
tion    and     Indeterminate     Frames — 
Some    Indeterminate   Combinations — 
Frame  Members  and  Structural  Con- 
nections— Plate   Girders   and    Bridges 
— Suspension      Bridges      and      Metal 
Arches — Earth       Pressure,      Founda- 
tions,    Masonry     Structures — Dimen- 
sions     and      Properties      of      British 
Standard       Sections  —  Mathematical 
Tables  —  .\nswers       to       Examples — 
Index. 
Professor   Morley's  companion   volume, 
"  Strength   of   Materials,"   has   now  been 
before  the  public  some  few  years,  and  we 
have  a  great  admiration  for  it.     Though  it 
relates  to  the  laws  governing  the  resist- 
ance of  materials  to  stresses  appearing  in 
either  machines  or  structures,  it  is  chiefly 
concerned    with    the    latter    class    of    con- 
structions,  and  we   believed   it   to    be   the 
best  book  published  so  far  on  the  theory 
of    structures,    for,    though    it    was    pro- 
fessedly limited  in  scope,  it  covered  a  large 
field   in   a   fashion   so   greatly    superior   to 
other    books     that     its     limitations     were 
almost  overlooked,  though  we  always  re- 
gretted that  Professor  Morley  should  have 
stopped  where  he  did  and  should  not  have 
continued    his   masterly   method   of  treat- 
ment further  in  the  direction  of  structural 


engineering.  The  present  volume  does 
that,  however,  and  we  give  it  a  hearty 
welcome.  A  good  deal  of  information  is 
repeated  from  the  other  volume,  for,  as 
the  author  says,  "  to  make  this  book 
serviceable  to  the  reader  who  is  concerned 
with  structures  only  and  not  with 
machines,  sufiicient  of  the  theory  of 
stresses  and  strains  in  single  pieces  has 
been  included  to  make  it  complete  in 
itself."  It  would  be  a  pity,  however,  if 
the  eannest  student  were  led  by  this  to 
purchase  only  this  volume,  for  there  are 
many  important  questions  that  arise  in 
structural  engineering  which  are  dealt 
with  in  the  first  volume  alone,  and  the  two 
are  so  much  companion  volumes  that  we 
almost  regret  that  the  author  did  not 
make  them  one,  and  so  avoid  what  little 
duplicatio^n  there  is.  The  two  books  are 
the  best  we  know  of  as  class-books  for 
engineering  colleges,  and  at  the  same  time 
are  invaluable  assistants  to  practising 
structural  engineers,  and  this  volume  par- 
ticularly contains  examples  from  actual 
practice.  Professor  Morlex  thinks  rein- 
forced concrete  deserves  a  separate  volume, 
so  he  does  not  deal  with  it  in  this  book. 
W'e  hope,  however,  that  he  will  deal  with 
it  before  long,  because  he  ought  to  be  able 
to  clear  up  much  that  is  in  doubt  and  at 
present  treated  empirically,  if  he  would 
onlv  concentrate  his  mind  on  it  and  con- 
sider it  de  novo;  and  we  feel  sure  that 
when  he  does  he  will  find  it  act  in  turn 
upon  the  theory  of  ordinary  structures  to 
T  surprising  extent  and  lead  him  to  go 
into  m.anv  tricky  points  that  he  at  present 
omits  to  deal  with.  There  are  few  enough 
theorists  of  first  order  at  work  on  the 
theory  of  structures  for  us  to  wish  Pro- 
fessor Morley  would  continue  to  give  his 
energies  to  the  subject  and  not  be  drawn 
aside  into  the  theory  of  machines. 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,  ivith  occasional  editorial 
comment.     Authentic  neivs  ivill  be  "welcome. — ED. 


the  pit,  and 
drop-bottom 


Methods  of  Depositing  Concrete  Under  Water. — This  was  one  of  the  subjects 
reported  upon  by  the  Committee  on  Masonry  at  the  annual  meeting  of  the  American 
Railway  Engineering  Association.  The  replies  to  a  circular  letter  of  inquiry  covered 
nine  methods,  as  follows  :  i,  bottom-dump  bucket;  2,  tremie  (or  closed  chute);  3,  open 
chutes;  4,  sacks;  5,  sacks  withdrawn;  6,  paper  bags;  7,  open  depositing;  8,  pneumatic 
grouting  of  broken  stone ;  9,  concrete  blocks.  F'rom  an  examination  of  the  replies  the 
committee  has  drawn  the  following  conclusions  : — 

1.  Concrete  may  be  deposited  successfully  under  water  if  so  handled  as  to  prevent 
the  washing  of  the  cement  from  the  mixture. 

2.  Cofferdams  should  be  sufficiently  tight  to  prevent  current  through 
the  water  in  the  pit  should  be  quiet. 

3.  The   concrete   should  be  deposited  in  place  either  by   means    of  a 
bucket  or  a  tremie,  and  should  not  be  allowed  to  fall  through  the  water. 

4.  Where  a  bucket  is  used,  it  should  be  carefully  lowered  to  the  bottom  and  raised 
to  the  surface,  so  as  to  cause  as  little  disturbance  as  possible. 

5.  Where  a  tremie  is  used,  it  should  be  kept  filled  with  concrete  up  to  the  top  of 
the  water  level ;  the  discharge  end  should  be  kept  buried  in  the  freshly  deposited  mass 
to  prevent  emptying,  and  raised  a  few  inches  at  a  time  as  the  filling  progresses. 

6.  The  surface  of  the  concrete  must  be  kept  as  nearly  level  as  possible,  to  avoid 
the  formation  of  pockets,  which  will  retain  laitance  and  sediment. 

7.  Where  concrete  is  not  deposited  continuously  all  sediment  should  be  removed 
from  the  surface  of  the  concrete,  by  pumping  or  otherwise,  before  depositing  fresh 
concrete. 

8.  The  concrete  should  be  a  1:2:4  mixture  and  of  a  "  quaking  "  consistency. 

9.  Freshly  deposited  concrete  should  not  be  disturbed. 

10.  In  open  water,  or  where  flow  of  water  through  the  pit  cannot  be  prevented, 
concrete  should  be  deposited  in  cloth  sacks. 

Protection  of  Concrete  Asainst  Freezing. — Protection  of  concrete  against 
freezing  was  accomplished  in  the  case  of  a  large  reservoir  at  Mrginia  (Minn.)  by 
covering  the  exposed  portion  with  a  layer  of  clay,  then  a  layer  of  cinders,  and  above 
that  a  second  layer  of  clay — making  a  total  thickness  of  18  in.  The  reservoir,  which 
was  built  for  the  Virginia  Electric  Power  and  Water  Company,  was  4.^  ft.  in  diameter 
and  21  ft.  high,  and  was  partly  above  and  partly  below  the  ground.  When  the  covering 
was  removed  in  the  spring,  the  tank  showed  no  sign  of  injury  by  frost,  in  spite  of  the 
severe  winter;  and  the  concrete  appeared  to  be  entirely  water-tight. 

A  Water-tight  Concrete  Tanlc.—A  water-tight  concrete  tank,  with  walls  6  in. 
thick,  was  obtained  bv  using  a'  rich  concrete  mixture  with  good  quality,  carefully 
graded  materials,  in  some  recent  construction  work  on  the  El  Paso  and  South-Western 
Railway.  The  tank  is  30  ft.  in  diameter  and  12  ft.  high.  The  concrete  was  mixed 
1:2:4,  or  a  little  richer  in  cement;  and  the  gravel  was  required  to  pass  a  ^-in. 
screen.  No  waterproofing  was  used.  It  is  stated  that  the  tank  is  entirely  water-tight 
except  at  joints  between  the  courses  of  concrete.  Another  reservoir  with  a  concrete 
lining  4  in.  to  6  in.  thick,  bulk  more  than  three  years  ago,  and  waterproofed  with  soap 
and  alum  has  proved  water-tight  during  the  entire  period.  The  sand  and  gravel 
in  this  work  are  stated  to  be  of  fair  grade  only,  the  gravel  reaching 
of  I5  in. 
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Surface  Treatment  of  Concrete  Wa//s.— Surf lux'-facini^  coals  of  rich  concrete  for 
concrete  walls  are  not  as  satisfactory  as  walls  having*  uniform  mixture  throughout, 
according  to  the  experience  of  Mr.  Lincoln  Bush,  consulting  engineer.  New  York, 
related  iji  a  memorandum  to  the  Committee  on  Masonry  of  the  American  Railway 
Engineering  Association.  His  observations  on  walls  built  for  the  Lackawanna  Railroad 
during  the  period  from  1900  to  igot)  have  shown  that  walls  built  with  a  uniform  1:3::; 
mixture  between  1903  and  1909  have  given  better  results  than  those  built  between  1900 
and  1903,  when  the  practice  of  that  road  was  to  use  a  2-in.  surface  finish  of  1:2:2 
mixture  against  a  body  of  1:3:5  concrete.  Defects  and  shelling-off  of  the  face  may 
not  take  place  for  two  or  three  years,  and  may  then  continue.  Where  a  special  surface 
finish  is  necessary  for  ornamentation,  he  believes  it  best  to  obtain  it  bv  bush-hammer- 
ing, treatment  with  acid,  or  rubbing  and  washing  while  the  concrete  is  green,  using 
crushed  stone  of  proper  size  to  give  the  desired  surface  effect. 

Scientific  Cost  Records  In  Construction  Wor/r.  — Ignorance  of  real  costs  is  a 
danger  whose  seriousness  every  contractor  will  appreciate.  What  is  less  clearly  appre- 
ciated is  the  extent  to  which  real  costs  are  not  known,  and  the  degree  to  which 
construction  estimates  are  based  on  gravely  unreliable  data.  Discussing  this  matter, 
Mr.  Sanford  E.  Thompson,  consulting  engineer,  who  was  associated  with  Mr.  Frederick 
W.  Taylor  in  writing  "  Concrete  Costs  "  (reviewed  in  our  July  number),  says  : — 

Besides  being  of  use  as  a  preliminary  step  toward  the  introduction  of  scientific 
management,  cost  keeping — that  is,  cost  determination  of  work  in  progress — is  of 
value  to  the  engineer  for  making  up  estimates  and  checking  the  work  of  the  builder, 
and  to  the  builder  in  bidding  on  subsequent  contracts  and  keeping  track  of  the  cost 
of  the  work  as  it  progresses  from  day  to  day.  In  construction  work  based  on  the 
principle  of  cost  plus  a  fixed  sum,  and  other  similar  systems,  the  accurate  recording  of 
detail  costs  on  different  parts  of  the  work  is  absolutely  essential  for  submitting  the 
accounts  to  the  owners. 

To  accomplish  any  of  these  aims,  the  cost  records  must  be  accurate  enough  to 
serve — 

1.  As  records  for  estimating  the  cost  of  subsequent  jobs. 

2.  For  iinmediate  use  : 

(a)  To  determine  whether  the  builder  is  making  or  losing  monev; 

(b)  To  fix  any  point  of  loss  or  of  too  small  profit; 

(c)  As  an  incentive  to  the  foreman  and  workmen. 

As  generally  practised,  cost  keeping  is  so  approximate  and  inaccurate  as  to  be  of 
comparatively  little  value  for  any  of  these  purposes. 

The  point  just  made  may  be  illustrated  simply  by  a  comparison  of  the  methods 
now  usually  employed  in  estimating  materials  and  labour.  In  estimating  materials 
the  engineer  or  contractor  notes  every  item,  usually  taking  the  schedule  from  the 
plans,  and,  by  adding  a  percentage  for  contingencies,  reaches  a  total  which  will  check 
fairly  well  with  the  actual  subsequent  cost.  Before  he  starts  to  do  any  work  he  must 
order  the  required  amount  of  each  material  separately,  and  the  cost  of  each  item  is 
carefully  looked  into  to  see  that  the  lowest  figures  are  obtained  consistent  with  the 
quality  of  the  work  required. 

With  labour,  on  the  other  hand,  the  plan  heretofore  adopted  has  been  largely  a 
system  of  guess  work.  Frequently  one  hundred  or  more  carefully  tabulated  material 
items  are  set  down,  while  the  estimate  for  labour  is  given  in  one  lump  sum,  and  yet 
the  labour  may  amount  to  one-fourth  or  one-third  the  sum  total  of  the*  materials. 
The  variation  in  the  actual  cost  of  the  labour  from  that  given  in  the  estimate  almost 
always  makes  the  difference  between  a  profit  and  a  loss  to  the  contractor.  These 
"  guesses  "  at  labour  costs  are  commonly  excused  because  it  is  claimed  that  the  work 
done  by  different  workmen  varies  to  a  great  extent,  or  that  it  is  impossible  to  provide 
for  unforeseen  contingencies.  This,  however,  is  merely  dodging  the  whole  responsibility. 
The  real  reason  for  such  approximations  is  that  the  contractor  usually  does  not  know 
the  time  and  cost  of  doing  each  kind  of  work  with  any  degree  of  accuracy  ;  and  the 
fact  is  only  just  coming  to  be  recognised  that  it  is  possible  to  determine  in  advance 
how  fast  each  element  of  the  work  should  be  done  nearly  as  accurately  as  the  cost  of 
supplies  and  materials  are  now  determined,  and  that  once  having  the  fundamental 
data,  it  is  possible  to  estimate  labour  nearly  as  accurately  as  material. 

Concrete  Radiators. — A  radiator  for  steam  or  hot  water  constructed  of  concrete 
has  recently  been   invented  in   Germany.      According  tO'  Cement   Age,   these   radiators 
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are  manufactured  by  pouring  a  mixture  of  cement  and  sand  into  special  gypsum 
moulds  or  iron  casings.  The  thickness  of  the  walls  is  about  |  in.  The  specific  gravity 
of  the  concrete  material  is  low  and  in  consequence  lo  sq.  ft.  of  radiator  space  weigh 
only  20  kg.,  which  is  hardly  more  than  half  the  weight  of  iron  radiators.  The 
advantages  from  a  sanitary  point  of  view  are  to  prevent  the  formation  of  dry  air  in 
a  heated  room.  The  concrete  radiators  are  porous,  allowing  moisture  to  go  through. 
They  heat  more  quickly  and  cool  off  more  slowly  than  iron  radiators.  They  do  not 
rust  and  can  therefore  be  connected  to  hot-water  heating,  and  they  cost  much  less 
than  if  made  of  iron.  Numbers  of  concrete  radiators  in  all  possible  forms  and  colours 
were  shown  at  the  recent  building  exhibition  in  Dresden. 

Coacerning  the  Difference  in  Concrete  — \n  a  recent  number  of  Engineering 
Neius  the  following  remarks  occurred  : — 

"  There  is  concrete  and  concrete!  That  is  a  fact  which  should  be  clearly  under- 
stood by  every  engineer  whenever  the  subject  of  concrete  is  under  discussion.  We  have 
been  especially  impressed  recently  with  the  contrast  between  the  quality  of  the 
average  concrete,  such  as  one  sees  mixed  and  placed  by  the  average  small  contractor 
and  many  large  contractors  as  well ;  such  concrete  as  one  often  sees  which,  after 
having  stood  a  few  years,  shows  more  or  less  places  where  defective  finish,  disintegra- 
tion and  cracking  are  appaient — the  contrast,  we  say,  beween  such  average  concrete 
and  the  concrete  which  is  being  made  on  some  engineering  works  of  large  size,  where 
such  concrete  as  an  engineer  describes  in  his  specifications  is  actually  produced. 
Two  notable  examples  of  such  ideal  concrete  work  are  the  Panama  Canal  locks  and 
the  great  dam,  power-house  and  lock  of  the  Mississippi  Power  Co.,  now  under  con- 
struction at  Keokuk,  Iowa.  In  making  concrete  on  these  works,  good  stone,  good 
cement,  and  good  sand  are  assembled,  and  a  measured  quantity  of  each  is  deposited 
in  a  large  batch  mixer  and  thoroughly  mixed,  with  enough  water  to  make  a  sloppy 
mass,  in  which  air  bubbles  will  inevitably  rise  to  the  top.  The  mixed  concrete  is  then 
taken  in  large  buckets  and  deposited  inside  substantial  forms.  The  work  goes  on  so 
rapidly  that  the  form  is  filled  to  a  considerable  depth  before  setting  begins. 

"It  is  probable  that  one  of  the  chief  reasons  for  the  remarkable  excellence  of 
concrete  made  in  this  way  is  the  fact  that  the  soft  concrete  is  put  under  a  heavy  hvdro- 
static  pressure  before  setting  begins,  and  is  thus  made  far  more  dense  than  was  ever 
possible  under  the  old  practice  when  a  dry  mix  for  concrete  and  thorough  ramming 
were  universally  specified  by  engineers. 

"  Of  course,  it  is  well  understood  that  a  perfection  is  possible  in  the  concrete  work 
on  huge  structures  which  is  out  of  the  question  on  any  ordinary  concrete  job;  but 
certainlv  the  way  average  concrete  is  laid  leaves  large  possibilities  for  improvement. 
It  is  verv  difficult  to  make  the  average  small  contractor  or  concrete  workman  take  the 
pains  to  make  high-class  concrete,  for  he  has  found  by  experience  that  making  it  with 
anv  old  materials  anv  old  way  produces  results  which,  so  far  as  he  can  see,  are  good 
enough.  Often  it  is  not  until  the  engineer  can  point  to  curbs  battered  to  pieces,  side- 
walks cracked,  and  retaining  walls  weeping  at  the  courses  or  bulging  from  weak  forms 
that  he  can  secure  the  enforcement  of  his  specifications  to  the  letter.  There  is  a 
scarcitv,  without  doubt,  of  concrete  contractors  who  will  execute  work  in  the  most 
thorough  manner,  and  of  concrete  workmen  who  will  give  conscientious  care  to  their 
tasks.  But,  given  such  contractors  and  such  workmen,  achievements  are  possible  in 
concrete  work  which  many  engineers  hesitate  under  present  conditions  to  undertake." 

Lectures  on  Reinforced  Concrete.— On  July  3rd  and  17th  Mr.  W.  Noble  Twelve- 
trees  delivered  two  lectures  on  reinforced  concrete  to  the  students  of  the  Crystal  Palace 
School  of  Practical  Engineering.  The  first  lecture  dealt  with  the  fundamental 
principles  of  reinforced  concrete  construction  and  the  general  theory  of  beam  design. 
The  second  lecture  was  devoted  to  the  principles  underlying  the  design  of  columns, 
struts,  arches  and  other  form*  of  structural  elements,  and  to  various  aspects  of 
practical  construction  in  reinforced  concrete.  This  lecture  was  illustrated  by  specimens 
of  various  types  of  reinforcing  steel,  as  well  as  by  models  and  photographs  of  works 
executed  in  the  United  Kingdom. 

The  British  Fire  Prevention  Committee's  Summer  Meeting.— Th\^  Committee 
held  its  two-dav  summer  meeting  on  July  24th  and  25th  at  its  Regent's  Park  Testing 
Station,  when  some  important  high-temiperature  fire  tests  on  a  reinforced  concrete 
Hoor ;  on  electro  glazed  casements  ;  and  a  reinforced  concrete  door  were  held.  There 
was  a  large  attendance  of  members  and  subscribers,   as  well  as  representatives  from 
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various  Government  Departments.  The  London  County  Council  and  several 
municipal  and  other  authorities  were  represented  by  their  principal  officials,  and  a 
number  of  representatives  of  railway  and  insurance  companies  were  also  present. 

The  arrangement  of  the  reinforced  concrete  floor  test  had  awakened  considerable 
interest,  as  it  was  the  first  occasion  that  a  floor  of  this  type,  reinforced  solely  with  a 
triangular  mesh  reinforcement  (put  forward  in  this  country  by  the  United  States 
Steel  Products  Company),  has  been  under  official  review,  and  we  understand  that  the 
test  was  eminently  satisfactory. 

The  double  door  constructed  of  reinforced  concrete,  which  was  tested  on  the  second 
day,  came  from  Belgium,  where  it  had  been  constructed  to  the  specifications  of  the 
Chairman  of  the  local  Government  Fire  Committee,  and  had  been  sent  over  for  report. 

In  giving  the  above  particulars  we  think  we  she  uld  point  out  the  important  place 
concrete  is  taking  in  these  various  questions  of  fire  investigation.  Not  only  was 
there  a  large  reinforced  concrete  floor  under  test  and  a  reinforced  concrete  door,  but 
even  in  the  glazing  tests  the  lintels  and  mullions  were  of  concrete,  and  the  effect  of 
the  fire  on  these  should  be  as  interesting  to  study  as  the  effect  on  the  glazing  actually 
under  investigation. 

As  to  the  official  results  of  the  tests  the  usual  illustrated  reports  will  be  issued 
in  due  course  directlv  after  the  vacation. 

TRADE  NOTICES.  CATALOGUES.  ETC. 
A  Loader  Extension  for  Concrete  Mixers.  —  In  construction  work,  it  is  fre- 
quently an  advantage  to  allow  a  concrete  mixer  to  remain  on  an  embankment  and  have 
some  means  of  lowering  the  loading  bucket,  so  that  it  can  receive  its  charge  at  some 
distance  below  grade.  This  is  particularly  the  case  in  railroad  construction  work, 
where  the  mixer  is  on  a  flat  car.     To  meet  this  demand  a  form  of  power  loader  exten- 


sion has  been  designed  by  Bagshawe  and  Co.,  Ltd.,  Dunstable,  Beds.,  England,  manu- 
facturers of  Chain  Belt  concrete  mixers,  for  application  to  mixers  of  any  standard 
sizes.  In  the  mixing  plant  shown  in  the  illustration,  which  was  recently  sold  to  the 
George  A.  Fuller  Construction  Co.,  Ltd.,  the  loader  travels  down  about  15  ft.  From 
experiments  that  have  been  made  there  seems  to  be  no  reason  why  these  extensions 
cannot  be  made  to  operate  successfully  over  a  distance  twice  as  great  as  that. 
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The  main  channels  are  pivoted  at  a  point  on  the  loading  side  of  the  mixer  to 
permit  the  loader  extension  being  adjusted  to  operate  at  any  angle.  The  extension 
frame  is  so  made  that  it  ca.n  be  detached  at  the  pivot  joint  and  replaced  with  a 
standard  pivot  bearing,  so  that  if  it  is  desired  to  use  the  mixer  on  the  ground  level 
all  that  is  necessary  is  to  detach  the  extension  bearing  and  attach  the  regular  pivot 
bearing,  the  same  loader  being  used  in  both  cases.  In  using  the  standard  pivot 
bearing  the  wheels  and  rear  axles  on  the  power-loader  bucket  will  be  unnecessary  and 
will  have  to  be  removed. 

The  First  Cottbus  Cement  Goods  and  Machine  Works  have  sent  us  their 
new  prospectus  which  dc;iK  ;it  length  with  their  "  Pcrfcctii)n  "  partition  slab  machine. 
.A  great  advantage  of  this  machine  is  that  both  hollow  and  solid  partition  slabs  can  be 
made  on  the  same  machine,  in  any  thickness  from  2  in.  to  4  in.,  either  with  straight 
ends  and  sides  or  grooved  and  tongued  as  desired.  Paving  slabs  and  agricultural 
pipes  can  also  be  made  on  the  "  Perfection  "  machine. 

These  machines  can  be  worked  by  one  man,  and  their  output  is  very  large,  thus 
ensuring  a  low  cost  of  production. 

The  booklet,  which  is  well  illustrated,  will  be  sent  on  application  to  the  companv's 
ofifices  at  8,  Manor  Park,  Lewisham,  S.E. 

ENQUIRIES. 

S.  B.  (Runcorn)  writes  : — "  Can  you  or  any  of  your  readers  give  me  a  simple 
(if  only  approximate)  method  of  calculating  the  strength  of  a  circular  reinforced 
concrete  slab  supported  all  round?  How  would  such  a  slab  compare  in  strength  with 
a  rectangular  slab  of  similar  thickness  supported  one  way  across  an  equal  span?  " 

For  distributed  loading  a   circular   slab   supported  all  round   may  be  taken   for   a 

w  P 

'16 
at  right  angles.     For  comparison,  we  may   remind  inquirer  that  a  slab  supported  on 

two  edges  under  distributed   loading  has  a   maximum   bending   moment   of      — — ,    so 

the  circular  slab  is  twice  as  strong.     For  circular  slabs  up  to  about   15  ft.  in  diameter 
there  would  be  greater  support  of  the  central   strip  derived  from   the   adjoining  sides, 

and  the  bending  moment  might  with  safetv  be  takon  at    '^     where  /  =  diameter.     The 

rods  might  be  gradually  reduced  also  as  the  sides  were  approached,  i.e.,  spaced  wider  apart. 


maximum  central  bending  moment  of    ——    in  both  directions  where  the  bars  are  laid 
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EDITORIAL  NOTES. 


THE  INTERNATIONAL  CONGRESS  ON  THE  TESTING  OF  MATERIALS. 

CoN'rEMFoKAXEOL  SLY  With  tlic  issuc  of  thls  journal,  the  International  Test- 
ing- Association  is  holding-  the  final  meeting-  of  its  g-reat  International  Congress 
at  Xew  York,  and  in  our  next  number  we  hope  to  commence  presenting-  some 
of  the  more  important  papers  thai  relate  directly  or  indirectly  to  matters 
appertaining-  to  the  uses  of  Portland  cement  and  to  the  application  of  Concrete 
and  Reinforced  Concrete. 

In  this  issue  we  only  wish  to  record  that  this  important  American  meeting- 
has  just  taken  place,  and  to  express  our  regret  that — as  on  previous  occasions 
— the  organised  representation  of  the  British  Empire  at  the  Conference  has 
lacked  preparation,  and  that  no  systematic  effort  appears  to  have  been  made  to 
give  these  islands  the  position  in  the  Conference  that  we  as  a  Power  of  some 
importance  should  hold. 

It  is  perhaps  difficult  to  define  where  the  fault  lies  as  to  this  lack  of 
systematic  preparation  for  the  representation  of  Great  Britain.  No  doubt  it 
is  partly  due  to  our  inane  apathy  towards  matters  of  research,  and  also  to  our 
tendency  towards  general  "  muddling  through,"  which  is  so  much  favoured 
in  many  walks  of  life  ;  but  perhaps  it  is  yet  more  due  to  the  absence  of  one  or 
more  leaders  who  can  make  up  iheir  minds  to  bring  together  and  organise  those 
of  our  professional  men  and  scientists,  whose  main  occupation  or  hobby  it  is  to 
deal  with  matters  of  research  and  testing. 

It  is,  of  course,  to  be  regretted  .that  the  result  of  this  lack  of  organisation 
and  forethought  is  that  Great  Britain  is  more  and  more  taking  a  "  back  seat  " 
in  the  councils  of  the  world  on  matters  of  science  and  technology  generally,  and 
that  even  the  little  research  work  we  do  is  neither  properly  nor  effectively  pre- 
sented at  conferences  of  this  kind,  so  that  it  may  be  understood  by  other 
nations.  The  natural  result  is,  that  when  questions  of  international  specification 
arise,  our  industries  are  all  too  often  put  at  a  disadvantage,  and  our  commercial 
prestige  suffers. 

It  is  almost  ridiculous  that,  for  instance,  the  record  of  what  is  being  done 
in  research  work  in  reinforced  ^concrete  is  not  presented  to  the  Congress  by 
some  institution  like  the  Institution  of  Civil  Engineers,  the  Royal  Institute  of 
British  Architects,  or  by  the  Concrete  Insti..ute,  and  in  the  absence  of  anything 
better,  the  data  regarding  the  history  of  British  research  work  has  had  to  be 
compiled  by  this  journal  at  the  initiative  and  under  the  supervision  of  Mr. 
Edwin  O.  Sachs,  F. R.S.Ed.,  who  was  asked  to  get  together  whatever  informa- 
tion could  be  obtained,  failing  its  presentation  by  some  great  institution.      But 
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perhaps  such  a  contretemps  is  bulh  hi  tht  nature  of  thhig^s  Britisli  in  this  decade 
and  characteristic  of  the  haphazard  development  of  reinforced  concrete  in  this 
country,  as  also  of  many  other  matters  relating  to  our  technical  practice  and 
education.  There  is  no  department  acting"  as  leader  among  our  public  authori- 
ties, or  among  our  great  institutions,  and  the  little  good  that  is  done  is  largely 
due  to  the  private  initiative  and  generosity  of  a  few  enthusiasts  or  to  the  eflbrts 
of  the  Press. 

CONGRESS    WORK. 

As  already  indicated,  we  hope  to  commence  to  record  some  of  the  work 
done  at  the  Congress  in  our  next  issue.  In  this  issue  we  must  limit  ourselves 
to  part  of  the  report  presented  to  the  International  Reinforced  Concrete 
Committee  of  the  Testing  Association. 

The  matter  presented  makes  interesting  reading. 

Only  one  other  set  of  particulars  is  given  at  this  stage — that  is,  the  list  of 
some  of  the  notable  papers  having  bearing  on  this  journal's  interests  that  have 
been  read  at  the  New  York  meeting.  This  list  is  given  below  and  indicates 
the  wide  scope  of  utility  of  the  International  Testing  Association,  which  is  well 
recog'nised  on  the  continent  of  Europe  and  in  the  United  States,  but  is  scarcely 
given  a  thought  m  this  country. 

Reinforced  Concrete. 
Report  of  the  Reinforced  Concrete  Committee.    Bv  F.  Schiile,  Zurich. 

(a)  Summary  of  the  Scientific  Research  \\'ork  done  in  Connection  with 
Reinforced  Concrete  in  Germany  since  1909,  being  the  report  of  the  Im- 
perial German  Council  on  Reinforced  Concrete. 

(b)  Summary  of  the  Research  Work  done  in  Connection  with  Reinforced 
Concrete  in  Austria,  preisented  by  Professor  B.  Kirsch,  Vienna. 

(c)  On  the  Investigations  in  Reinforced  Concrete  in  the  United  States  of 
America.     By  A.  N.  Talbot,  Urbana,  111. 

(d)  Some  notable  British  Tests  regarding  the  Strength  of  Reinforced 
Concrete.     By   Edwin   O.    Sachs,    London. 

(e)  Reinforced  Concrete  Tests  made  in  Denmark.  Bv  E.  Suenson, 
Copenhagen. 

(/)  Research  Work  done  in  Connection  with  Reinforced  Concrete  in  Swit- 
zerland.    By  F.  Schiile,  Zurich. 

Accidents  in  Building  with  Reinforced  Concrete.  By  Dr.  F.  von  Emperger, 
Vienna. 

Tests  of  Continuous  Beams  in  Reinforced  Concrete.  By  H.  Scheit, 
Dresden,  and  E.  Probst,  Berlin. 

Relation  between  the  Tensile  Strength  and  Elasticity  of  Concrete  under 
Compression.     By  Prof.  F,  Schiile,  Zurich. 

Strength  of  Cement. 
Standardised  Tests  for   Hydraulic   Binding   Media  by   the   Use  of  Prisms. 
Standard   Sand.     Report   by    F.    Schiile,    Zurich,    President   of   Committee 
No.  42. 

Strength-Testing  and  the  Utilisation  of  Prisms  made  of  Plastic  Mortar. 
By  M.   Gary,  Berlin-Lichterfelde,  W. 

The  Progressive  Increase  in  the  Strength  of  Cement  Mortars.  Bv  E. 
Candlot,  Paris. 

Constancy  of  Volume  of  Cement. 

.\ccelerated   Tests    for   Constancy    of   Volume    of    Cement.      First    Report 
on   the  Principal  Question.     By   Bertram    Blount,   London. 
Accelerated  Test  for  Constancy  of  Volume  in  Portland  Cements.     Second 
Official  Report  on  the  Principal   Question.     Bv  M.  Gary,   Berlin-Lichter- 
felde,  W. 

The    Boiling    Test    and    the    Volume    Constancy    of    Portland    Cement    in 
Dry   Storage.     By  F.    Schiile,   Zurich. 
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On    the    Testing    of    Hydraulic    Binding    Media.        By    J.     Bied,     \'iviers 
(Ardeche). 

Finest  Particles  in  Portland  Cement. 
Determination    of    the    simplest     Method    for    the    Separation    of     finest 
Particles  in  Portland  Cement.     By   M.   Gary,  Berlin-Lichterfeldc. 
Air-sifting  as  a   Method  for  the  Quantitative  Determination   of   the  finest 
Particles    contained   in    Pulverulent    Materials.     By    R.    Feret,    Boulogne- 
sur-Mer. 

Determination  of  the  very  fine  Powder  in   Portland  Cement.      Bv   Mavntz 
Petersen,    Copenhagen. 

The  Significance  of  the  finest  Portland  Oment  Flour.      Bv  F.  Schule  and 
H.    Gottrau,    Zurich. 

POZ.^OLANA. 

Diatom-Earth  as  Pozzolana  for  Cement.     Bv  A.   Poulsen,   Limveg. 
Cement  in  Sea  Water. 

On  the  State  of  Preservation  of  Test  Blocks  and  Blocks  Proceeding  from 

the  Harbour  Works,  immersed  in  the  Baltic  Sea,  at  Libau  Harbour.     Bv 

W.  Czarnomski,  St.  Petersburg.  ■ 

Action    of    Sea-water    on    Hydraulic    Binding    Media.      Bv    Lombard   and 

Deforge,  La  Rochelle. 

Notes  on  the  Action  of  Sea-water  on   Reinforced  Concrete.     Bv  ^^  J.   P. 

de  Blocq  van  Kuffeler,  Hoorn. 

Proposal  for  establishing  a  standard   SO3  Content  for  Portland  Cement. 

By  the  Verein  Deutscher  Portlandzernent-Fabrikanten,  Kalkberge  (Mark). 

Note   on    the   Comparative    Mechanical    Strengths    and    the    Stabilities    in 

Sea-Water  of  Crushed  Sand  Mortars  and  Sea-Sand  Mortars.     By  Gassier, 

of  Marseilles. 

The  Porosity  of  Mortars.     Bv  J.   Bied,  \'iviers. 

Various  on  Cements. 
On  Various  Chemical  Phenomena  encountered  in  the  course  of  Industrial 
Investigations.     B\'  J.    Bied,   \'i\"iers. 

Stones  and  Masonry. 

Weather  Resistance  of  Building  Stones.     By  A.  Hanisch,  \'ienna. 
Note  on  Appliances  for  Testing  Paving  Setts.      By  Pierre  Labordere  and 
Frederic  Anstett,  Paris. 

Influence  of    the   Composition   of   Mortar   and   the   Quality   of   the   Stones 
upon  the  Durability  of  Masonry.     By  J.   A.  van  der  Kloes,   Delft. 
Contribution  to  the  Question  :  The  Influence  of  Faulty  Mortar   Mixtures. 
By  .Anton  Hambloch,  .Anderhach  on  the  Rhine. 

The  Physical  Testing  of  Broken  Stone  Railroad  Ballast.     By  A.  T.   Gold- 
beck  and  F.  M.  Jackson,  Washington. 

Concrete. 
Electrolvtic  .Action  on    L'nreinforced  Concrete.      Bv  Cvril  de  Wvrall,   New- 
York. 

Waterproof  Concrete.     By  Alb.   Grittncr,  Budapest. 
Tests  for  Concrete.     By  Cloyd  M.  Chapman,  New  A'ork. 
Tests  of  Concrete  Materials  by  the  U.S.   Reclamation  Service.      By  I.  A' 
Jewett,  Denver,  Col. 

Fire  Tests. 

The  Fire  Resistance  of  Concrete  and  Reinforced  Concrete.     By  Edwin  O. 

Sachs,   London. 

Fire   Tests    with    Floors    in    U.S.A.     By    Ira    H.    Woolson    and    Rud.    P. 

Miller,  New  York. 

Cements   Proving   Constant    in    Practice   although    having    Failed   to    Pass 

the  Boiling  Test.     By  M.  Gary,  Berlin-Lichterfelde. 

Materials  for  Road  Making. 
Principles  of  Unified  Methods  of  Tests  on   Road   Making  Materials.      By 
-A.  Mesnager,  Paris,  with  supplements  : 
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On  the  Methods  Used  in  X'ariuus  Countries. 

(a)  Germany.     By  H.  Burchartz  and  B.  Stock,   Berlin. 

(b)  Austria.     By  A.  Hanisch,  Vienna. 

(c)  Belgium.     By  E.  Camerman,  Brussels. 

(d)  Denmark.     By  H.  I.  Hannover,  Copenhagen. 

(e)  Hungary.     By  E.  Fork,  Budapest. 
(/)  Norway.     By  Skougard,  Kristiania. 

(g)  Netherlands.     By  M.  E.  H.  Tjaden,  Breda. 

From  the  above  list  of  contributions  to  this  great  Congress  the  extra- 
or(lin;ir\-  lack  of  data  presented  by  Great  Britain  is  very  noticeable — three 
papers  only  out  of  forty-five  on  subjects  recorded  above. 

As  to  the  representatives  of  Great  Britain  at  the  Congress,  the  delegates 
formallv  authorised  are  given  below,  but  unfortunately  several  of  these  repre- 
sentatives were  prevented  from  attending  at  New  York,  and  the  delegation — 
in  itself  a  small  one — was  consequently  reduced  to  a  very  small  one,  and  of 
that   reduced   delegation  no   less   than    five   are   resident  in    America. 

The  German  Government,  it  should  be  added,  had  ten  delegates,  and  the 
Russian  Government  six. 

The  British  official  representation  is  as  foll:)ws  : — 

By   the   Govcrnmoit : 

Dr.   W.   C.    Unwin,    F.R.S.,   President  of   the   Institution   of  (^ivil   Engineers. 

London. 
Dr.  Archibald  Denny,  Leven  Ship  Yard,  Dumbarton. 
Bertram  Blount,  F.I.C.,  Westminster,  London. 
By  the  Institution  of  Civil  Engineers  : 

Dr.  W.  C.  Unwin,  F.R.S.,  President  of  the  Institution,  London. 
Alfred  Noble,  New  York. 
By  the  Iron  and  Steel  Institute: 

Sir  Hugh  Bell,  Bart.,  Northallerton. 
Sir  Robert  A.  Hadfield,  F.R.S.,  London. 
G.  C.  Lloyd,  London. 
By  the  Engineering  Standards  Committee  : 

Leslie  S.  Robertson,  M.Inst.C.E.,  London. 
By  the  Geological  Survey  : 

J.  Allen  Howe,  Museum  of  Practical  Geology,  London. 
By  the  National  Physical  Laboratory : 

Dr.  \V.  Rosenhain,  Teddington,  Middlesex. 
By  the   British  Fire  Prevention   Committee  : 

Edwin  O.  Sachs,  F.R.S.,   Ed.,  Chairman  of  the  Committee,   London. 
By  the  Institution  of  Naval  Architects: 

Stevenson    Tavlor,    President,    American    Societv    of    Naval    Architects,    New 

York. 
Naval  Constructor  Rear  Admiral  \V.   L.  Capps,   United  States  Navy. 
By  the  Institution  of  Mechanical  Engineers  : 

Captain  R.  W.   Hunt,  Chicago. 
By  Lloyd's  Register  of  British  and  Foreign  Shi (y ping,  London  : 

James  H.  Mancor,  Lloyd's  Register  of  Shipping,  New  York. 
By  the  Institution  of  Mining  and  Metallurgy,  Salisbury  House.  London: 
F.  W.   Harbaard,  London. 
Edmund  W.  Janson,  London. 
Arthur  L.  Pearce,  London. 
By  the   University   College,   Cork,   Irchvul  : 
Professor  C.  W.  O.  L.  Alexander. 
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By  ALBERT  LAKEMAN. 


There  can  be  no  doubt  that  reinforced  concrete  has  many  advantages  over  other  forms 
of  construction  ivhere  large  public  buildings  are  concerned,  and  it  is  therefore  pleasurable 
to  see  this  method  of  construction  adopted  in  one  of  our  neivest  hospitals  noiv  being 
erected  in  the  South  of  London,  and  of  ivhich  details  are  given  in  the  follo'Wing  article.  —Ed, 


This    new    building-    is    now    being   erected    on   a    site  covering-    twelve    acres, 
situated  on  Denmark  Hill,   from  the  designs  of   Mr.  W.    A.    Pite,   F.R.I.B.A., 
and  the  estimated  cost  of  the  whole  scheme  is  about  ^^300, coo.      It  is  interest- 
ing to  note  that  reinforced 
concrete  on  the  Hennebique 
system    is    being    employed 
for    the    construction,     and 
it     forms     another     notable 
example      illustrating      the 
extensive  use  of  this  mate- 
rial,   which   is   so  eminently 
suitable  for  large  buildings 
when     economy     and     fire- 
Jk   Jfe^' •^^Br~^^^^^^^^^Br^M^WI  H        resisting    qualities 

9^    V''   T^K-   ^^^^^^^^^K>  ^H^Hb  ■        primary    considerations. 

The  scheme  is  the  outcome 
of  a  desire  to  provide  an 
adequate  hospital  for  South 
London,  and  it  was  decided 
to  remove  King's  College 
Hospital  from  the  West 
Central  district,  which  is 
well  served  with  other 
hospitals,  to  that  district 
where  it  was  urgently 
needed.  Some  idea  of  the 
size  of  the  hospital  when 
completed  can  be  gathered 
from  a  comparison  with 
that  of  St.  Thomas's.  The 
six  ward  blocks  of  the 
latter  institution,  which  enjoys  such  a  prominent  position  on  the 
Thames,     represent    about     the    length     of     the    site     of    the     King's    College 
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Fig.  10.     Concrete  Columns  in  Corridor 
New  King's  College  Hospital. 
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Hospital,  but  their  depth  is  only  one-half  of  that  which  the  new  building 
will  ha\e.  Up  to  l\v-  present  only  a  portion  has  been  completed,  and 
the    description    in    detail    is    limited    to    this    portion.       The    administration 


Fig  1.     Plan  of  Administration  Block 
New  King's  College  Hospital. 


block,    which    is    now   built,   stands   in  the   centre,   and    the    other    departments 
are   grouped    around    in    accordance   with    the  principles    of    centralisation    and 
radiation,    and    the   whole   of  the    wards,    containing    600    beds,    will    face    the 
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south.       The    main    spiral    corridor    is 
over    700    ft.     in    length,     having-    the 
chapel    situated    at    the    centre,    while 
behind     is     placed     the     underground 
heating    and    machinery    station,    the 
low  roof  of  which  will  be  utilised  as  a 
garden;   and   the   western   side   of  the 
site    will   be   occupied    by    the   medical 
school.        The    central     administration 
block  is  a  six-story  building,   and  this 
contains    the    offices    and    nurses'    and 
servants'    home,    the    general    disposi- 
tion   of   the    building   being   shown    on 
the  plan  of  the  second  floor,  which  is 
"  illustrated  in   Fig.    i.     The  columns  in 
the    interior   are   placed    in    two    rows, 
one  on   either  side  of   the  corridor   at 
distances  of  about  9  ft.   apart,  and  the 
size,     generally     speaking,     is     8     in. 
J    square,   reinforced  with  four  bars  tied 
t    with   ITT   in.    links.      The    type    of   main 
I    beam  employed  is  illustrated  in  Fig.  2, 
X    which  is  a  typical  example.     It  has  a 
S    clear  span  of  29  ft.  9  in.,  with  a  total 
u    depth  of  28  in.   and  a  width  of  20  in. 
V    The    reinforcement   consists   of   twelve 
■2    bars    on    both    upper    and    lower    sur- 
faces, these  two  sets  being  well  wired 
and   kept   in   position   by   forks.      Stir- 
rups are  provided  at  varying  distances 
for    the    resistance    of    the    shear,    and 
certain   of   the   upper   and   lower   bars 
are   cranked   at    the   ends   and   carried 
throug-h  the  depth  of  the  beam. 

Some  interesting  work  is  that 
constructed  below  the  ground  level, 
as,  for  example,  that  occurring  under 
Ward  Pavilion  Xo.  5.  Here  some 
heavy  column  and  pier  loads  had  to 
be  carried,  and  as  they  were  close  to- 
gether it  was  necessary  to  form  a 
reinforced  raft,  and  this  was  done  in 
such  a  manner  that  the  loads  were 
spread  over  an  area  exceeding  over 
50  ft.  X  40  ft.,  gi\'ing  a  pressure  on  the 
soil  of  under  2  tons  per  sq.  ft.  The 
columns     were     connected     by     beams 
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24  in.  deep,  reinforced  with  nine  or  ten  bars  in  the  upper  and  lower  surfaces, 
these  beams  being-  in  two  sets  of  four,  and  the  two  sets  at  right  ang-les 
to    one    another ;    while    the    whole    area    enclosed    bv    the    beams    was    filled 
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Fi^.  3.     Sections  of  Underj^round  Tunnel. 
New  King's  College  Hospital. 


in  with  concrete  24  in.  deep  and  reinforced  with  re  in.  diam.  bars  at  8-in. 
centres  in  both  directions  and  in  both  surfaces.  An  underground  tunnel  was 
also  formed  at  this  point,  sections  of  which  are  illustrated  in  Fig.  3.  This 
has  a  width  in  the  clear  of  4  ft.  6  in.,  and  a  height  of  7  ft.  in  one  portion 
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and  5  ft.  in  another,  the  walls  and  roof  having  a  thickness  of  6  in.,  with 
reinforcement  in  both  surfaces  ;  \\hile  the  floor,  where  not  formed  bv  the  raft, 
has  a  thickness  of  9  in.  The  details  in  Fig.  4  illustrate  some  further  work 
which  comes  below  the  ground  level  under  Blocks  4  and  5,  this  being  a  passage- 
way 6  ft.  wide,  formed  with  walls  and  floor  of  concrete  5  in.  thick,  reinforced 
with  I  and  ^  in.  bars  on  both  surfaces,  with  reinforced  piers  at  intervals, 
which  are  14  in.  xg  in.,  reinforced  with  four  vertical  bars  well  linked  together, 


Fiy.  S.     Ward  Block  dunnt;  construction. 
New  King's  College  Hospital. 

beams  being  formed  belo\\  the  floor  of  the  passage-way  to  connect  the  piers, 
these  beams  being  12  in.  deep  and  18  in.  wide.  Openings  were  formed  in 
the  upper  part  of  the  walls  between  the  piers,  as  illustrated  on  the  drawings. 
The  diagrams  in  Fig.  5  illustrate  the  work  to  the  roof  of  the  Ward  Pavilion 
4  and  5,  over  which  octagonal  tank  houses  are  constructed,  the  latter  havings 
a  maximum  width  of  about  24  ft.  and  a  height  to  the  springing  of  the  pitched 
roof  of  20  ft.  The  columns  to  the  tank  house  are  canted  on  plan,  and  have 
a   width   of    18   in.    on   either   outer   face,    while   the   reinforcement   consists   of 
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six  f  in.  diani.  b;irs,  l)racing-  being-  pro\ided  b_\  borizonlal  beams  placed  at 
a  heig"ht  of  12  ft.  from  the  tank-liouse  floor  le\el.  The  solid  floor  under 
the  tank  house  is  only  4  in.  thick,  and  it  is  reinforced  in  both  upper  and 
lower  surfaces.  The  type  of  hollow  flooring-  used  is  also  illustrated,  and  this 
is  of  interest,  as  it  is  absolutely  essential  in  a  building  of  this  size  to 
provide  an  eflficient  construction  which  at  the  same  time  is  as  light  as 
possible  and  more  or  less  sound  resisting-.  The  Hennebique  hollow  typci 
consists  of  hollow  tubes  fon-ned  either  of  fireclay  or  concrete,  usuall_\' 
measuring-  about  20  in.  wide  by  24  in.  long,  and  from  •-  to  10  in.  high..  These 
are  placed  in  parallel  longitudinal  rows  between  secondary  beams,  the  latter 
being  reinforced  and  moulded  in  position  between  the  tubes,  which  are  tem- 
porarily supported  on  planks.      This  system  has  the  advantage  that  no  elaborate 
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FiS-  4.     Details  of  an  Underground  Passage. 
New  King's  College  Hospital. 


•centering  is  necessary,  as  the  sides  of  the  tubes  form  a  permanent  shuttering 
for  the  vertical  portion  of  the  reinforced  beams.  The  top  of  the  tubes  are 
•curved  slightly  to  increase  the  strength,  and  the  sides  are  inclined  slightly 
outwards  towards  the  top,  thus  preventing-  any  tendency  for  the  tubes  to 
drop  out  on  the  underside  of  the  floor.  A  minimum  covering  of  2  in.  of 
•concrete  is  placed  over  the  centre  of  the  tubes,  giving  a  total  thickness  in 
this  instance  of  12  in.  A  large  kitchen  is  formed  at  the  basement  level  between 
two  of  the  wings  of  the  administration  block,  the  main  portion  occupying  a  space 
60  ft.  long  and  26  ft.  wide,  and  this  has  curved  roof  trusses  or  beams  which  rise 
10  ft.  above  the  intersection  with  the  vertical  wall  face.  These  trusses  or  beams 
iire  placed  at  about  10  ft.  inter\-als,  and  ha\e  a  thickness  of  7  in.  and  a  depth 
varying  from  iS  in.  to  20  in.,  the  reinforcement,  generally  speaking,  consisting 
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of  four  If  in.  diam.  bars.  The  lower  part  of  the  roof  proper  is  constructed  of 
concrete  4  in.  thick,  cur\ed  to  a  radius  of  5  fl.  6  in.,  and  this  terminates 
in  a  vertical  portion  4  ft.  hig"h,  formed  with  openings,  as  showii  in  the  drawing's 
illustrated  in  Fig.  6,  over  which  a  pitched  glass  roof  is  formed.  Certain  of 
the  trusses  are  carried  bv  independent  columns,  which  have  a  free  length  of 
about  10  ft.,  and  ihese  are  10  in.  x  g  in.,  reinforced  with  four  bars  and  links 
at  3   in.   pitch.      The  ends  of  two  trusses  are  carried  by  a  beam  over  a   span 
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of  28  ft.,  and  this  beam  has  a  depth  of  about  4  fl.  and  width  of  9  in.,  and  is 
reinforced  with  two  bars  in  th^  upper  and  lower  surfaces.  The  load  from  this 
beam  is  carried  by  the  columns  mentioned  above,  and  these  latter  have  a 
foundation  slab  4  ft.  6  in.  sq. ,  with  a  minimum  thickness  of  9  in.,  thus  dis- 
tributing the  load  in  such  a  manner  as  not  to  exceed  2  tons  per  sq.  ft.  on 
the  soil.  An  external  duct  is  formed  in  reinforced  concrete  at  the  foot  of  the 
roof  on  the  outside  of  the  building,  and  projecting  18  in.  from  the  face  of  the 
wall,    and    this   only    has   a   thickness   of   3    in.      The    staircases   shown   on   the 
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general  plan,  illustrated  in  Fig.  i,  are  constructed  entirely  in  reinforced  concrete, 
with  raiving  concrete  stringer  beams  and  reinforced  soffits.  One  cross-bar 
is  also  placed  in  each  tread,  and  the  landings  are  formed  with  a  thickness 
of   3   in.    reinforced   in   both   directions.      There   are   a  great   many   features   of 
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constructional  interest  which  cannot  be  described  at  present,  as  the  whole 
building  is  not  complete,  but  it  must  be  considered  as  an  excellent  example 
of  reinforced  concrete  work ;  and  the  adoption  of  the  material  for  these  buildings 
shows  how  general  the  use  is  becoming  for  all  schemes  of  importance.      Messrs. 
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Mouchel  and  Partners,  Ltd.,  are  responsible  for  the  design  of  the  reinforced 
concrete  work,  etc.  ;  Professor  D.  S.  Capper,  M.Inst.C.E.,  acting-  as  consulting 
engineer  for  the  heating  and  ventilating;  while  the  contractors  are  Messrs. 
Foster  and  Dicksee. 
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^  REINFORCED  CONCRETE  at 
^'  the  INTERNATIONAL 

CONGRESS  on   the  TESTING 
of   MATERIALS,   held  at   NEW 
YORK,    1912. 


The  follo'wing  is  the  first  part  of  the  Report  presented  by  the  Reinforced  Concrete  Com- 
mittee formed  hy  the  International  Association  for  Testing  Materials,  ivhich  Committee  has 
Just  held  its  meeting  at  Ne-w  York  on  the  occasion  of  the  Internationa!  Association's 
Congress.  The  Report  includes  Appendices  as  to  Research  Work  done  in  different  countries, 
and  of  these  appendices  those  dealing  'with  the  United  States,  Great  Britain,  and  Denmark 
are  presented  hereivith  in  full,  •whilst  those  dealing  •with  Germany,  Austria  and Sivitzerland, 
ivhich  are  only  printed  in  the  German  language,  are  presented  in  the  form  of  summarised 
translations.  The  report  should  be  read  in  con-nection  nvith  some  of  our  earlier  contributions 
on  the  "work  of  the  International  Reinforced  Concrete  Committee. — Ed. 


High    School    and 
Talbot    (University 


REPORT    OF   THE    REINFORCED    CONCRETE    COMMITTEE    OF    THE 

INTERNATIONAL    ASSOCIATION    FOR    TESTING    MATERIALS. 

Presented  by  Professor  F.  Schiile,  Zurich  (Chairman  of  the  Committee). 

GENERALLY. 

Since  the  Congress  at  Copenhagen  the  composition  of  the  Reinforced  Concrete  Com- 
mittee has  been  slightly  modified.      It  now  consists  of  : — 

Chairman — F.    Schiile,    Professor     at    the    Federal    Technical 
Director  of  the  Federal  Laboratory  for  Testing  Materials,  Zurich. 

Vice-Chairinen — W.    Germelmann    (Berlin),    Professor    A.    X. 
of   Illinois),   U.S.A. 

Members — W.  H.  Warren  (University  of  Sydney);  Paul  Christophe  (Brussels); 
T.  Grut  (Danish  Royal  Engineers,  Copenhagen) ;  E.  Suenson  (Royal  Technical  High 
School,  Copenhagen);  Biirstenbinder  (Hamburg);  \\L  Hiiser  (Cassel) ;  Professor  Dr. 
A.  Martens  (Royal  Testing  Laboratory,  Berlin-Lichterfelde) ;  E.  Ziiblin  (Strassburg) ; 
Max  Clarke,  F.R.I.B.A.  (London);  W.  Dunn  (Concrete  Institute,  London);  Dr. 
DyckerhofY  (Amoneberg) ;  Edwin  O.  Sachs,  F. R.S.Ed.  (British  Fire  Prevention  Com- 
mittee, London);  Dr.  W.  C.  L^nwin  (Institution  of  Civil  Engineers,  London);  A. 
Considere  (late  Inspector-General  of  Roads  and  Bridges,  Paris);  R.  Feret  (Roads 
and  Bridges,  Boulogne) ;  Professor  .-\.  Mesnager  (Government  Laboratories) ;  Ch. 
Rabut  (Versailles);  M.  Tricon  (Sociate  des  Travaux  en  Beton  Arme,  Paris);  W. 
Hanegraaff,  Captain  (Bussum,  Holland);  Silvio  Canevazzi  (Technical  College, 
Bologna) ;  Camillo  Guidi  (Engineering  School,  Turin) ;  Claudio  Segre  (Railways  Ex- 
perimental Laboratory,  Rome) ;  V.  Brausewetter  (Vienna) ;  Dr.  F.  von  Emperger 
(Vienna);  Professor  B.  Kirsch  (Imperial  Technical  High  School,  Vienna)  ;^ 
Professor  J.  Melan  (Imperial  German  Technical  High  School,  Prague);  Pro- 
fessor Dr.  Belelubsky  (Technical  Mechanical  Laboratory,  St.  Petersburg) ;  Pro- 
fessor S.  Droujinine  (Polytechnic  Institute,  St.  Petersburg);  Professor  X. 
-Abramoff  (Don  Polytechnic  Institute,  Xowotscherkask) ;  X.  Bogouslawsky 
(Rus.sian  State  Railways,  St.  Petersburg);  Hirszson  (St.  Petersburg);  X.  Jitkewitsch 
(Colonel  of  Engineers,  St.  Petersburg);  R.  Maillart  (Zurich);  Professor  Dr.  Richard 
Zielinski  (Polvtechnic,  Budapest);  J.  Schustler  (Budapest);  Professor  .\.  Czako  (Buda- 
pest); Professor  E.  Turneaure  (IViiversitv  of  Wisconsin,  U.S.A.);  L.  Richard  Hum- 
phrey (Philadelphia,  U.S.A.). 

On  the  occasion  of  the  Congress  at  Copenhagen,  in  September,  1909,  there  was 
a  plenary  sitting  of  the  Committee,  attended  by  twenty-three  members  from  eleven 
different  countries.  The  principal  decision  was  the  adoption  of  the  list  of  uniform 
notation,  drawn  up  bv  the  sub-committee  under  the  chairmanship  of  Professor  Melan, 
for  ])ublications  in  languages  other  than  English.     That  list  is  appended  to  the  present 
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•report,  and  tliL"  Coniiiiiltcc  Iiojk's  tlint  it  will  usefully  cuntributc  lo  the  unification  of 
the  expressions  in  use,  and  thus  facilitate  the  cditini*  and  study  of  the  literature  of 
reinforced  concrete. 

For  the  English-speaking  countries  a  schem(>  of  notaton,  drawn  uj)  by  the 
Concrete  Institute  in  London,  and  presented  by  Mr.  E.  O.  Sachs,  exhibited  some- 
what considerable  deviations  from  the  sub-cortimittee's  list.  The  English  and  American 
members  were  invited  to  revise  the  English  draft,  so  as  to  bring  it  into  as  close 
an  approximation  as  possible  to  the  adopted  list. 

The  other  deliberations  consisted  chiefly  of  a  discussion  on  the  progress  of  the 
labours  of  our  Committee,  with  the  result  that  the  most  important  point  appeared 
to  be  to  complete  the  reports  on  the  course  of  the  experiments  in  the  different 
countries  by  presenting  separate  reports  for  each  country,  and  then  to  arrange  the 
results  of  the  experiments  systematically. 

In  a  circular-letter  addressed  to  the  members  of  the  Committee  on  February  2nd, 
191 1,  I  drew  attention  to  the  fact  that  the  reports  on  experiments  which  had  been 
undertaken  in  several  countries  had  not  been  included  in  the  Proceedings  of  the  V 
Congress,  and  that  it  would  be  desirable  to  complete  the  communications  for  the 
period  anterior  to  1909,  adding  thereto  a  summarv  of  the  work  undertaken  since 
that  year. 

The  investigations  will  not  acquire  their  full  value  until  the  results  obtained 
have  been  tabulated.  This  can  already  be  done  in  the  case  of  the  flexion  tests  applied 
to  beams.  Numerous  experiments  have  led  to  analogous  results,  and  form  a  basis 
for  specifications  on  reinforced  concrete.  Thus,  in  beams  subjected  to  bending  strain 
up  to  the  point  of  rupture,  the  normal  case  is  that  in  which  the  rupture  is  caused 
by  the  yield  point  of  the  iron  being  exceeded. 

The  abnormal  cases,  which  it  is  most  important  to  observe,  are  those  in  which 
the  beam  subjected  to  compression  has  been  crushed  before  the  yield  point  of  the 
iron  (under  tension)  has  been  attained ;  or  those  in  which  the  rupture  has  been  brought 
about  by  shearing  under  the  influence  of  shearing  strains. 

Certain  valuable  information  could  be  afforded  in  respect  of  these  abnormal 
cases : — 

(a)  by  giving  the  percentage  amount  of  metal  with  which  rupture  commences 
in   consequence  of  the  crushing  of  the  cement   in   the   compression   area ; 

(b)  or,  in  connection  with  beams  ruptured  by  shearing,  a  statement  of  the 
maximum  shearing  strain  of  the  concrete  without  reference  to  the  iron,  and 
a  statement  of  the  percentage  amount  of  iron — in  the  form  of  straight  and  bent 
bars  and  yokes — at  the  ends  of  the  beams. 

Note. — For  the  sake  of  simplicity,  the  strain  and  percentage  content  should 

be  referred  to  the  useful  section  of  the  concrete  in  beams  of  rectangular  section, 

or  in  the  web  of  beams  of  T-section. 

Such  values,  being  independent  of  the  dimensions  of  the  beams,  would  possess 
the  great  advantage  of  enabling  the  engineer  to  form  a  reliable  judgment,  even 
before  proceeding  to  make  exhaustive  calculations.  They  would  enable  him  to  ascer- 
tain whether  any  important  differences  are  inherent  in  the  quality  of  the  concrete 
or   iron  obtained    from   different   countries. 

Though,  in  the  case  of  columns  and  pillars,  the  experiments  on  the  action  of 
centric  loads  have  been  carried  pretty  far,  too  little  progress  appears  to  have  been 
made  with  the  experiments  on  the  effect  of  eccentric  loads  to  enable  one  to  propose, 
at  present,  that  the  chief  results  obtained  should  be  tabulated. 

The  members  of   the  Committee  were  also  invited  to  send   in   reports,   for  each 

country  : — 

I.  On  the  methods  of  testing  the  materials  of  which  reinforced  concrete  is 
formed,  and  of  the  extent  to  which  this  means  of  control  is  exercised; 
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2.  On  the  progress  made  in  the  experimental  examination  of  finished  struc- 
tures, and  to  mention  any  necessary  amplification  of  the  examination  of  structural 
parts,  chiefly  with  the  object  of  establishing  more  firmly  the  basis  for  determining 
the  permissible  strains,  and  of  ascertaining  the  influence  of  age  on  reinforced 
concrete,  so  as  to  identify  the  circumstances  which  are  adverse  to  the  perfect 
preservation  of  the  metal  and  concrete. 

These  points  were  brought  forward  by  Mr.  Rabut  in  his  1909  report. 
So  far  as  accidents  to  reinforced  concrete  buildings  are  concerned — valuable 
sources  of  information  which  one  would  be  glad  to  have  no  need  for^i't  was  impossible 
to  discuss  Dr.  von  Emperger's  highly  interesting  report  at  the  Copenhagen  Congress. 
That  author  has  been  kind  enough  to  complete  his  reix>rt  by  recording  the  most 
important  facts  re\ealed  by  the  statistics  for  the  period  since  1909. 

It  follows  from  what  has  been  stated  above,  that  the  work  of  our  Committee  in 
the  period  just  expired  was  of  a  preparatory  nature — namely,  the  collection  of  the 
results  of  experience  in  each  country,  a  protracted  task  which  can  onlv  yield  the 
desired  results  through  the  active  collaboration  of  the  members  of  the  Committee. 

PRESENT  POSITIOW  OF   THE    WORK  OF   THE    COMMITTEE. 

Reports  in  accordance  with  the  programme  sketched  in  the  circular  letter  of 
February  2nd,  191 1,  have  been  received  from  various  countries;  and  these  form  material 
for  discussion  at  the  next  Congress.  It  seems,  however,  useful  to  mention,  briefly 
and  unofficially,  the  chief  characteristics  of  the  period  just  expired. 

/.  EXPERIMENTAL  STUDY  OF  REISFORCED  CONCRETE. 
The  matter  which  specially  interests  our  Association — namely,  the  study  of  the 
properties  of  reinforced  concrete  under  the  influence  of  external  forces ;  its  physical 
properties  under  the  influence  of  temperature,  contraction  in  air,  expansion  under 
water;  the  influence  of  external  agencies,  such  as  fresh  water,  sea  water,  steam, 
smoke,  sulphurous  acid,  ammonia,  oils,  tar,  and  electric  currents — has  made  con- 
siderable progress,  mainly  through  the  carrying  out  of  the  extensive  experimental 
programme  laid  down  by  the  German  Reinforced  Concrete  Committee  with  the  support 
of  the  State  and  of  the  large  German  Associations.  Publications  of  great  interest  have 
appeared  or  are  in  preparation,  which  report  on  the  experiments  carried  out,  in 
accordance  with  that  programme,  at  the  German  State  Laboratories  for  Testing 
Materials.  This  extensive  masterpiece  constitutes  the  most  important  fact  of  the 
I>eriod  just  elapsed.  It  testifies  to  the  importance  attached  in  Germany  to  the  new 
method  of  building,  not  only  by  builders,  but  also  by  the  Government ;  and  it  also 
gives  proof  of  the  intention  to  establish  all  the  applications  of  reinforced  concrete  on 
.  a  thoroughly  secure  foundation.  Thes_e  publications  will  form  one  of  the  most 
hnportant  sources  for  the  study  of  the  question,  and  of  information  for  the  future 
labours  of  our  Committee. 

The  arrangement  of  the  results  has  been  commenced,  but  has  not  yet  proceeded 
far  enough  to  form  a  basis  for  discussion,  so  long  as  the  more  important  investigations 
in  progress  are  not  nearly  completed. 

A  circumstance  favourable  to  the  determination  of  the  percentage  of  reinforcement 
bevond  which  the  crushing  of  the  concrete  under  a  compression  strain  causes  the 
rupture  of  a  beam  subjected  to  bending  strain,  is  the  experimental  investigation  of  the 
reinforced  check  beam  as  proposed  by  Dr.  von  Emperger. 

So  far  as  concerns  the  conditions  which  assist  beams  to  withstand  the  action  of 
shearing  strains,  these  have  been  exhaustively  dealt  with  in  the  case  of  reinforced 
concrete  beams,  having  a  mean  coimpression  strength  oif  about  240  kilos  per  sq.  cm.  in 
No.  12  O'f  the  publications  of  the  German  Reinforced  Concrete  Committee,  in  which 
Professor  C.  Bach  and  Mr.  Graf  reported  on  the  tests  performed  on  reinforced  beams 
at  the  Stuttgart  Testing  Laboratory  in  accordance  with  the  programme  laid  down 
by  Professor  Morsch  and  Mr.  Stangenberg. 

Although  the  experiments  carried  out  or  proceeding  in  the  difl'erent  countries  are 
fairlv  complete,  there  are  still  many  points  to  be  investigated  by  experiment,  since  it 
is   a    characteristic   feature   in   connection   with   reinforced   concrete   that   the  engineer 
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dealing  with  tliis  material  considers  it  necessary  to  test  by  experiment  the  conclusions 
obtained  by  mathematical  deduction,  and  also  to  test  the  accuracy  of  the  hypotheses 
on  which  his  calculations  are  based. 

2.     CHECKIXG  THE  MATERIALS. 

The  checking  of  the  materials  used  in  reinforced  concrete  comprises  in  the  first 
place  the  testing  of  the  individual  materials  :  iron,  cement,  sand,  and  gravel.  The 
methods  of  testing  iron  and  cement  have  been  fixed  in  each  country,  and  also  form 
the  subject  of  special  work  on  the  part  of  our  Association,  so  that  it  is  unnecessary 
to  go  into  them  further  in  the  present  Report.  Nevertheless,  it  will  be  useful  to  call 
to  mind  that  the  accelerated  test  for  constancy  of  volume,  and  especially  the  test  by 
boiling  at  ioo°,  are  of  great  importance  in  the  case  of  cement  intended  for  structural 
work  which  will  be  exposed  to  dry  air  and  protected  from  rain — the  most  usual 
condition  in  reinforced  concrete  structures. 

The  concrete  for  reinforced  concrete  structures  is  almost  exclusively  mixed  in  a 
plastic  condition  ;  and  a  method  of  testing  the  binding  medium  in  the  state  of  plastic 
mortar  will  enable  the  binding  media  to  be  classified  in  a  rational  manner  according 
to  the  tensile  strength  they  exhibit  in  practice. 

Up  to  the  present  our  Association  has  not  concerned  itself  with  the  methods  of 
testing  sand  and  gravel  for  the  manufacture  of  concrete.  The  utility  of  such  tests  is 
becoming  more  and  more  recognised ;  and  the  determinations  which  enable  the  quality 
of  these  materials  to  be  estimated  are  as  follows  : — 

Origin  and  petrographical  character ;  specific  gravity ;  classification  by  screening 
through  sheet  metal  screens  with  round  perforations ;  volume  of  interstitial  spaces  in 
the  dry  state. 

The  usual  distinction  between  sand  and  gravel  (or  stone  chippings)  needs  more 
precise  definition,  by  fixing  5  or  8  mm.  as  the  diameter  of  the  perforations  in  the 
delimiting  screen.  Grains  which  will  pass  through  this  screen  constitute  sand,  whilst 
those  remaining  upon  it  as  residue  form  gravel  or  stone  chippings.  The  investigations 
instituted  for  some  years  past  in  the  different  countries  should  furnish  our  Committee 
with  a  basis  for  determining  the  characteristic  properties  of  a  sand  or  gravel  of  good 
quality,  especially  as  regards  the  permissible  proportion  of  dust  (fine  sand).  It  is  also 
advisable  to  establish  a   reliable  method  of  taking  the  samples  for  testing. 

For  checking  purposes,  the  only  interest  attaching  to  testing  the  combined 
materials  is  in  the  determination  of  the  crushing  strength  of  the  concrete ;  and  even 
the  recently  proposed  experiments  with  reinforced  check  beams  serve  no  other  purpose 
than  to  induce  phenomena  of  rupture  through  the  crushing  of  the  concrete  in  the  com- 
pression area — that  is  to  say,  to  check  the  crushing  strength  of  the  concrete  by  an 
indirect  test. 

The  test  pieces  in  most  frequent  use  consist  of  concrete  cubes,  stored,  as  far  as 
possible,  under  the  same  conditions  as  the  concrete  of  the  structure.  The  dimensions 
of  these  cubes  vary,  in  different  countries,  from  12  to  30  cm.  side.  The  smaller  cubes 
are  specially  suitable  for  checking  comparatively  thin  roof  work,  whilst  the  large  cubes 
serve  for  checking  the  concrete  used  in  large  masses  and  containing  gravel  or  broken 
stone  of  about  4  cm.  diameter  and  upward.  The  influence  of  the  air  and  the  pre- 
vailing temperature  can  be  more  effectually  determined  on  test  pieces  whose  dimensions 
correspond  favourably  with  relation  to  the  thickness  of  the  material  in  the  structure. 

In  addition  to  the  bending  strength,  the  check  test  for  concrete  furnishes  two 
crushing  strengths  for  each  test  piece.  The  dimensions  approximating  satisfactorily 
to  practical  conditions  are  12  by  12  by  36  cm.,  provided  the  grains  of  gravel  or  stone 
chippings  are  not  more  than  2^  to  3^  cm.  in  diameter. 

Whichever  type  of  test  piece  be  taken,  it  is  important  that  the  testing  should  not 
be  restricted  to  single  test  pieces,  but  extended  to  series  of  three  or  four  test  pieces, 
so  that  the  uniform  preparation  of  the  test  pieces  can  also  be  investigated. 

Finally,  it  is  appropriate  to  mention  the  chief  checking  test  for  concrete  '.  determina- 
tion of  the  density.  The  sp.  gr.  of  the  filling  materia]  (basalt  excepted)  varies  but 
slightly,  and  is  about  2*55  to  2*70,  whilst  that  of  Portland  cement  of  good  quality  is 
nearly  constant  (3*10  to  3"  15).  The  proportions  in  which  the  concrete  for  reinforced 
work  is  mixed  are  determined,  for  structures  of  the  same  kind,  by  the  Specifications 
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in  each  country.  The  density  can  be  checked  in  lumps  of  any  shape,  but  these  should 
weigh  at  least  i  to  2  kilos  and  be  detached  from  the  structure.  All  the  factors  which 
impair  the  tensile  strength  of  the  concrete — except  the  quality  of  the  cement — also 
lower  its  density — e.g.,  unsuitable  ratio  of  sand  to  gravel ;  insufficient  proportion  of 
cement ;  defective  ramming.  These  checks,  applied  to  test  pieces  taken  direct  from  the 
structure,  will  advantageously  supplement  the  particulars  furnished  by  the  testing  of 
special  test  pieces  for  the  strength  of  the  material.  The  results  of  the  compression 
tests  and  the  determination  of  the  density  can  be  combined  with  advantage.  In  the 
Zurich  Testing  Laboratory  the  density  is  determined  on  lumps  weighing  a  few  kilos 
each  by  means  of  a  special  hydrostatic  balance.  In  order  to  prevent  the  water  from 
forcing  its  way  into  the  cavities  of  the  test  piece  while  the  volume  is  being  ascertained, 
coating  the  test  piece  all  over  with  a  thin  layer  of  plasticine  furnishes  good  results. 

Checking  the  materials,  separately  and  in  combination,  forms  an  important  factor 
for  the  safety  of  the  structures ;  and  though  the  differences  in  the  test  pieces  used  seem 
to  complicate  the  matter  and  hinder  elucidation,  it  is,  before  everything,  important  that 
checks  should  be  applied  and  as  regularly  as  possible.  In  the  course  of  a  few  years 
experience  will  show  which  are  the  safest  and  most  practical  arrangements  to  adopt. 
By  emphasising  the  necessit}'  for  such  checks,  and  by  tabulating  the  experience  gained 
in  this  branch,  our  Association  will  do  excellent  service  in  the  matter  of  the  security 
of  buildings. 

3.     EXPERIMEXTAL  IXVESTIGATIONS  OX  FIXISHED  BCILDIXGS. 

The  experiments  in  this  case  are  not  tests  continued  up  to  the  point  of  rupture, 
as  is  the  case  with  laboratory  tests,  but  loading  tests  with  nett  loads  i|-2  times  the 
calculated  load. 

To  be  of  any  use  such  tests  should  be  applied  to  a  sufficient  extent  of  surface,  and 
should  comprise  the  simultaneous  reading  of  the  deformations,  chieflv  bending,  at  a 
number  of  points  on  the  structure.  One  of  the  chief  advantages  of  reinforced  concrete 
is  that  it  forms  all  the  parts  into  a  solid  whole ;  but  this  solidaritv  can  only  be  clearly 
revealed  by  fairly  complete  loading  tests.  The  contractors  and  officials  on  whom  the 
performance  of  such  trials  depends,  and  who  have  generally  to  pay  the  cost  of  same, 
do  not  alwa3's  thoroughly  comprehend  the  scientific  importance  of  such  tes'ts  in 
clearing  up  our  knowledge  of  reinforced  concrete. 

The  object  of  our  Association  is  to  favour  the  performance  of  such  experiments, 
as  a  supplementary  check  on  the  calculations  and  materials  used.  In  themselves 
alone,  however,  such  tests  are  not  sufficient  to  furnish  an  accurate  judgment  of  the 
degree  of  safety  of  structure,  except  in  the  (fortunatelv  rare)  instances  in  which  the 
structure  suffers  decided  injury  from  the  loading  test. 

ACCIDENTS. 

Dr.  F.  von  Emperger  has  laid  a  separate  report  on  this  question.  I  beg  to  com- 
municate the  resolution  proposed. 

RESOLUTIOX. 
With  a  view  to  the  prevention  of  accidents  and  to  facilitating  the  acquisition  of 
the  requisite  knowledge  of  the  properties  of  materials,  it  seems  advisable  that  a 
uniform  system  of  reporting  on  building  accidents  should  be  adopted  in  the  different 
countries,  in  the  same  manner  as  is  already  done  in  the  case  of  accidents  to  steam 
boilers.  The  Congress  expresses  a  desire  that  the  Reinforced  Concrete  Committee 
shall  endeavour  to  organise  such  an  international  system  of  reports  and  present  to  the 
next  Congress  the  reports  on  building  accidents,  collected  country  by  country,  together 
ivith'the  deductions  made  therefrom  as  regards  the  prevention  of  accident. 

UNIFORM   NOTATION. 

At  the  conference  of  the  Reinforced  Concrete  Committee  of  the  International 
Association  for  Testing  Materials,  held  on  October  12th,  1908,  at  Basle,  it  was 
decided  to  facilitate  the  comparability  of  the  various  reports  and  experimental  data 
relating  to  reinforced  concrete,  by  agreeing  upon  a  uniform  mathematical  notation 
for  the  most  important  dimensions  occurring  in  descriptions  and  statical  calculations. 

The  sub-committee  entrusted  with  this  task,  and  composed  of  Messrs.  Edwin  O. 
Sachs  (England),  Mesnager  (France),  S.  J.  Rutgers  (Holland),  J.  Melan  (Austria),  and 
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employed  for  longitudinal  data  and  loads 

for  areas  and  forces ; 

used    for    eoefHeients    and    for    expressins^ 


a  :=  100 
a,  =  100^ 


R.  Maillart  (Swit/erlainl),  Pn^fessor  J.  Melan  beiiii:;  ihc  chairman,  aj^reed  on  the 
following  proposals,  which  were  approved  at  the  meeting  of  lh<'  Committee  at  the 
Rathaus,  Copenhagen,  on  September  5th,  1909. 

UXIFORM  N 

It  is  recommended  in  general  that  : 

(a)  Small   Roman  letters   should  be 
per  unit  length  ; 

(b)  Roman  ca|)itals  should  be  used 

(c)  Small    Greek   letters    should    be 
stresses  (forces  per  unit  area). 
In  particular  : 

1  =the  clear  span  of  a  bearing  structure 
(girder),    or   buckling    length    of    a 
column  or  stay. 
lm  =  the    total    length    of    a    girder    or 

column. 
h  =  the  effective  depth  of  cross  section 
of  a  girder  or  plate — that  is  to  say, 
the  distance  of  the  centre  of  gravity 
of    the    iron    reinforcement    under 
tension  from  the  edge  of  the  com- 
pression area. 
hm  =  the  total  depth. 
b  =  the  width  of  a  beam  or  of  the  web 
of  a  beam. 
bni  =  the  width  of  the  flange  of  a  beam, 
hi— -the  thickness  of  same. 
y  =  the  distance  of  the  neutral  axis  from 
the   outer  edge  of  the  compression 
surface. 
d  =  the  diameter  of  the  round  column. 
ds  =  the  diameter  of  the  spiral  winding. 
a,  b  =  sectional  dimensions  of  rectangular 
columns. 
Io  =  inside  width  of  an  arch. 
fo  =  inside  height  of  an  arch. 
l  =  span   of  an  arch,   measured  at   its 

axis. 
f= vertical  height  of  the  axis  of  an  arch. 
hc  =  thickness  of  arch  at  the  crown. 
h..  =  thickness  of  arch  at  the  springings 
A  =  cross    sectional    area    of    the    iron 
reinforcement  of  a  reinforced   con- 
crete girder. 
B  =  full  sectional  area  of  the  concrete. 
At=cross    sectional    area    (s^.    cm.)    of 
transverse    reinforcement  (stirrups) 
per  1  metre  length  of  girder. 
A|  =  cross  sectional  area  of  the  longitu- 
dinal reinforcement  of  a  reinforced 
concrete  column. 
At  =  cross   sectional   area   of    the   trans- 
verse reinforcement  of  a  reinforced 
concrete  column. 
A|=  cross  sectional  area   (ideal)  of  the 
spiral     reinforcement     reduced     to 
longitudinal  reinforcement  of  equal 
weight. 

NOTE. — .1    parliaUy    modified    list    ivi 
countries. 


B 


At 
ai=.100„  = 


a,  =  100^' 


J  =  Jb  +  nJa 
Eb 


n  =  s' 
Eb 


=  iron  reinforcement  as  percentage 
of  cross  sectional  area  of  concrete. 

=  longitudinal  reinforcement  as  per- 
centage of  cross  sectional  art  a  of 
concrete. 

=  transverse  reinforcement  as  per- 
centage of  cross  sectional  area  of 
concrtte. 

=  spiral  reinforcement  as  percentage 
of  cross  sectional  area  of  concrete. 

-moment  of  inertia  of  the  effective 
cross  sectional  area  of  the  concrete, 
referred  to  the  neutral  axis. 

=  moment  of  inertia  of  the  iron  rein- 
forcement, referred  to  the  neutral 
axis. 

=  total  moment  of  inertia. 

=  coefficient  of  elasticity  of  the  con- 
crete. 

-  coefficient  of  elasticity  of  the  iron. 

=  ratio  of  the  coefficients  of  elasticity. 


load   due  to  own  weight   of  girder 

structure,    per   unit   length    (metre) 

or  unit  of  surface  (sq.  metre). 

working    load    per    unit    length   or 

surface. 

total  own  weight. 

total    working    load,    or   individual 

loads  Pi  Pr,  P3 

axial  force  in  a  cross  section  of  the 

girder. 

transverse  force  in  a  cross  section 

of  the  girder. 

moment  of  flexion  ip  a  cross  section 

of  the  girder. 
=  the    corresponding    values    at    the 

moment  of  rupture. 

tensile    stress    (kilos    per    sq.   cm.) 

on  the  iron. 
=  compression    stress    (kilos    per   sq. 

cm.)  on  the  concrete. 
=  shearing  stress  on  the  iron. 
=  shearing  stress  on  the  concrete. 

corresponding  permissible  stress  on 

iron  and  concrete. 
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G  = 
P  = 

N  = 

T  = 

M  = 
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APPENDICES. 

ON   THE   INVESTIGATIONS   IN    REINFORCED  CONCRETE   IN   THE 

UNITED   STATES   OF   AMERICA, 

Report  of  Professor  A.  N.  Talbot.  Urbana,  111, 

At  Purdue  University,  Lafayette,  Indiana,  tests  have  been  carried  on  under  the 
direction  of  Professor  \V.  K.  Hatt  as  follows  :  In  1908  tests  were  made  of  combinations 
of  concrete  and  hollow  tile  floor  systems  which  showed  that  the  thickness  of  the  wall 
of  the  burned  terra  cotta  tile  can  be  added  to  the  width  of  the  concrete  rib  to  determine 
the  resistance  of  the  latter  to  shear.  Other  tests  were  made  of  beams  continuous  over 
two  spans  loaded  at  the  centre  to  determine  the  best  method  of  reinforcing  against 
shearing"  stresses.  In  1909  tests  are  being  made  upon  a  series  of  arches  to  the  number 
of  nine,  ranging  in  span  from  8  to  15  ft.,  the  arches  varying  in  crown,  thickness,  and 
rise;  and  including  segmental,  semi-circular  and  elliptic,  both  plain  and  reinforced. 
These  arches  are  tested  under  different  loadings,  and  extensometers  are  placed  upon 
the  arch-ring.  The  span  is  kept  constant  and  the  thrust  measured  by  calibrated  spring 
external  to  the  arch.  The  purpose  is  to  measure  the  thrust  and  the  deformation  of  the 
arch  ring  under  loadings.     The  arches  are  finally  broken. 

Experimental  work  on  reinforced  concrete  has  been  carried  on  in  the  Laboratory 
of  Applied  Mechanics  of  the  University  of  Illinois  at  L'rbana,  Illinois,  for  several  years. 
Published  information  on  results  of  the  tests  may  be  found  in  the  following  bulletins 
of  the  Engineering  Experiment  Station  of  the  University  of  Illinois  :  Nos.  i,  4,  8,  10, 
12,  14,  20,  22,  28,  and  29.  A  large  amount  of  data  of  the  results  of  other  investigations 
are  being  prepared  for  publication.  Of  the  work  in  progress  the  following  summary 
is  given  : — 

Columns.  —  In  columns  reinforced  with  U)ngiludinal  rods,  a  series  with  the  rein- 
forcement ranging  from  i  per  cent,  to  8  per  cent.  ;  a  series  tested  under  repetitive 
loading;  and  a  series  reinforced  with  structural  shapes  with  riveted  latticing.  In 
columns  with  spiral  reinforcement,  a  series  to  determine  the  effect  of  length  of 
column  (lengths  up  to  20  ft.),  of  pitch  of  spiral,  and  of  repetitive  loading.  In  columns 
reinforced  with  a  combination  of  spirals  and  longitudinal  rods,  a  series  to  determine 
the  effect  of  amount  of  longitudinal  reinforcement,  the  latter  ranging  from  2  per  cent, 
to  8  per  cent.  ;  also  tests  to  determine  the  effect  of  repetitive  loading. 

Beams.  —  The  investigations  recently  taken  up  are  for  the  purpose  of  determining 
the  effectiveness  of  various  forms  of  web  reinforcement. 

Wall  Footings.  —  A  series  of  tests  on  sections  of  wall  footings  tested  with  a 
uniform  pressure  on  the  bed. 

Pier  Footings,  —  A  series  of  tests  on  pieces  made  to  represent  reinforced  concrete 
pier  footings  of  various  types  and  methods  of  reinforcing.  These  are  tested  with  an 
approximation  to  a  uniform  pressure. 

Recent  tests  on  reinforced  concrete  at  the  L'niversity  of  \\'isconsin,  Madison, 
Wisconsin,  carried  on  under  the  direction  of  Professor  F.  E.  Turneaure  are  as 
follows  : — 

Columns.  —  During  the  summer  of  1908  crushing  tests  were  made  upon  plain  and 
reinforced  concrete  columns.  Twenty  of  these  columns  10  ft.  long  of  octagonal  or  square 
cross-section  (area  118  to  144  sq.  in.)  were  made  of  i  :  2  :  4  broken  stone  concrete.  The 
reinforced  columns  consisted  of  four  series,  reinforced  as  follows  •.  i,  Structural  steel 
coluriin  composed  of  four  angles  and  lacing  bars;  2,  Longitudinal  rods;  3,  Spirals; 
4,  Longitudinal  rods  and  spirals.  The  purpose  of  these  tests  was  to  determine  the 
relative  strength  and  elastic  propg-ties  of  these  different  types  of  columns.  Most  of 
the  reinforced  columns  had  a  protective  shell  of  concrete  outside  of  the  reinforcement. 
The  strength  of  this  shell  and  the  time  at  which  it  failed  were  also  studied. 

This  year  tests  on  spiral-reinforced  columns  without  protective  shell  are  being 
carried  on.  There  will  be  made  thirty-two  columns  8  ft.  6  in.  long  and  10  in.  in 
diameter.  The  variables  in  this  series  of  tests  are  percentage  of  longitudinal  rein- 
forcement. Duplicate  columns  will  be  made  to  cover  every  point  in  each  of  the 
variables  studied.  Crushing  tests  will  be  made  upon  these  columns,  and  their  strength 
and  elastic  properties  studied  with  reference  to  their  efficiency  as  structural  elements. 
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T  Beams.  —  Tests  are  also  being  made  from  lime  to  time  to  determine  the  amount 
of  web  reinforcement  needed  in  T  beams.  A  thesis  on  methods  of  connecting  tension 
bars  in  reinforced  concrete  is  being  carried  on.  In  addition  to  the  above,  some  tests 
on  the  strength  of  the  flat  arcli,  of  plain  and  reinforced  concrete,  have  been  made,  and 
others  are  under  way. 

Investigations,  now  being  carried  .on  at  the  Structural  Materials  Testing 
Laboratories  at  the  U.S.  Geological  Survey  under  the  direction  of  Richard  L. 
Humphrey,  may  be  summarised  as  follows  : — ■ 

Reinforced    Concrete  in   Flexure. —  Tests  have  been  made  at  4,   13,  26,  and  52 

weeks  on  336  reinforced  concrete  beams  of  1:2:4  gravel,  granite,  limestone,  and 
cinder  concrete  of  medium  consistency.  The  reinforcement  consisted  of  -j-in.  round 
mild  steel  rods  and  varied  from  a  percentage  of  o'5  to  one  of  2*0. 

Tests  have  been  made  at  4,  13,  26,  and  52  weeks  on  ninety-six  reinforced  concrete 
beams  of  1:2:5  lime^stone  concrete  of  medium  consistency  in  which  the  reinforcement 
varied  from  o'5  to  2'o. 

Tests  have  been  made  at  twenty-four  hours  and  one  and  two  weeks  on  108  rein- 
forced concrete  beams  of  1:2:4  granite,  gravel,  limestone  and  cinder  concrete  of 
medium  consistency.  One-half  inch  round  rods  of  mild  steel  and  three  percentages 
of  reinforcement,  i,  i"5,  and  2*00  were  used.  Information  regarding  the  behaviour  of 
reinforced  concrete  at  early  ages  will  be  obtained. 

Tests  have  been  made  at  the  ages  of  four  and  thirteen  weeks  on  108  reinforced 
concrete  beams  of  i  :  i^  :  3,  1:2:4,  ^"'d  1:3:6  gravel  and  limestone  concrete  of 
medium  consistency  in  which  the  percentage  of  reinforcement  was  2,  3,  and  4. 

Tests  have  been  made  at  the  ages  of  four  and  thirteen  weeks  on  216  reinforced 
concrete  beams  of  1:2:4  ^"d  1:3:6  gravel  and  limestone  concrete  of  medium  con- 
sistency on  spans  of  6,  8,  and  10  ft.     The  percentage  of  reinforcement  was  i,  2,  and  3. 

Tests  were  made  at  the  ages  of  four  and  thirteen  weeks  on  ninety-six  reinforced 
concrete  beams  of  i  :  3  :  6  gravel  and  limestone  concrete  having  3  per  cent  of  reinforce- 
ment in  three  i-in.  round  rods,  the  middle  rod  being  turned  up  outside  the  load  points. 
These  beains  were  made  in  groups  by  three  contractors  and  the  Structural  Materials 
Laboratories'  force.  Beams  were  moulded  outside  in  wooden  moulds  and  in  the  labora- 
torv  in  steel  moulds,  both  machine-mixed  and  hand-mixed  concretes  being  used.  The 
information  obtained  will  determine  the  relation  between  outside  practice  and 
laboratory  tests. 

This  series  consisted  oif  forty-eight  beams,  and  is  similar  to  the  one  above  except 
that  but  one  aggregate  gravel  was  used  in  a  i  :  2  :  4  proportion  and  all  concrete  was 
machine  mixed. 

The  Structural  Materials  Laboratories  are  also  now  carrying  on  investigations  on 
reinforced  concrete  in  compression,  shear,  tension,  etc.,  which  are  expected  to  have 
a  bearing  upon  the  action  of  reinforced  concrete  work. 

Tests  have  been  made  at  the  laboratory  of  Watertown  Arsenal  under  the  immediate 
direction  of  Mr.  James  E.  Howard,  and  the  published  results  are  to  be  found  in  the 
annual  reports  of  "  Tests  of  Materials." 

Co/um/is.— Most  of  these  tests  have  been  made  upon  concrete  columns,  plain  and 
reinforced.  The  reinforced  columns  tested  have  a  variety  of  forms  of  steel  bars  for 
the  longitudinal  reinforcement.  In  the  spiral  reinforcement  variations  w'ere  made  in 
the  size  of  the  wire  and  in  the  pitch  of  the  spirals.  The  tests  were  planned  to  show 
the  effect  of  the  different  styles  of  reinforcement  on  the  ultimate  strength  of  the 
column  and  also  to  find  the  time  when  the  spiral  reinforcement  seemed  to  come  into 
play.  The  (Series  was  intended  to  give  information  on  which  to  base  a  comparison  of 
the  strength  and  general  behaviour  of  columns  reinforced  with  varying  amounts  of 
longitudinal  and  spiral  reinforcement  and  also  of  columns  without  reinforcement  and 
made  with  richer  concretes. 

It  also  should  be  stated  that  investigations  along  various  lines  are  being  conducted 
at  a  number  of  other  places  in  this  country.  The  writer  has  not  sufficient 
information  to  report  upon  these,  but  it  is  believed  that  the  foregoing  statements  will 
give  a  conception  of  the  nature  and  extent  of  the  investigations  in  reinforced  concrete 
being  conducted  in  this  country. 
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SOME  NOTABLE  BRITISH  TESTS  REGARDING  THE  STRENGTH 
OF  REINFORCED  CONCRETE. 

Some  Notes  by  Edwin  O.  Sachs,  F. R.S.Ed.,  London. 

The  journal  Concrete  a>id  Constructional  Engineering  has,  at  mv  request,  collected 
particulars  regarding  a  number  of  tests  carried  out  in  Great  Britain  as  to  reinforced 
concrete.  These  particulars  were  summarised  under  my  supervision  and  published 
from  time  to  time  as  a  series  of  articles.  I  endeavoured  to  have  this  collection  made 
exhaustive,  but  there  were  naturally  a  few  experiments  of  which  particulars  could  not 
be  obtained,  owing  to  their  having  been  conducted  by  private  persons  who  do  not  seem 
inclined  to  divulge  the  information.  The  data  were  on  that  occasion  presented  with 
little  comment,  it  being  thought  desirable  to  place  the  facts  on  record  in  a  simple  way 
so  that  the  reader  could  draw  his  own  conclusions  if  he  so  desired,  but  as  a  recapitula- 
tion of  the  results  obtained  is  impossible  in  a  short  report  such  as  this  one,  I  think  a 
useful  purpose  will  be  served  by  here  indicating  the  more  notable  tests  and  the  lessons 
I  hold  they  taught,  so  that  the  members  of  the  International  Testing  Association  may 
obtain  some  idea  of  the  nature  of  the  work  done  in  the  British  Isles. 

That  very  little  has  been  done  in  this  country  in  the  way  of  research  work  regard- 
ing reinforced  concrete  is,  of  course,  well  known.  We  cannot  aspire  to  having  any 
leading  position  in  this  direction,  except  in  respect  to  the  question  of  fire  resistance, 
which  does  not  quite  come  within  the  scope  of  this  report.  What  little  has  (been  done 
is  due  to  private  enterprise  alone  and  there  has  been  no  effort  to  guide  these  private 
workers,  so  that  their  efforts  could  be  properly  collated,  compared  and  eventually  form 
part  of  some  general  scheme  of  investigation.  The  private  individuals  and  firms, 
however,  who  have  undertaken  tests  deserve  commendation,  for  they  have  performed  a 
service  to  the  communitv,  and  particularly  to  the  engineering  and  architectural  pro- 
fessions, which  we  had  no  right  to  expect.  Our  public  institutions,  who  should  have 
assisted  in  experimental  work,  have,  unfortunately,  been  very  remiss,  for  there  is 
practically  nothing  to  place  beside  the  elaborate  and  highly  commendable  researches 
carried  out  by  engineering  professors  in  public  laboratories  in  the  United  States, 
Germanv,  and  France.  Even  our  Colonies  have  done  something  in  this  direction, 
though  the  Mother  Country  has  omitted  to  do  anything.  The  onlv  exception,  a\ 
indicated  above,  that  stands  to  our  credit  are  the  official  tests  carried  out  upon  the 
fire-resistance  of  special  systems  of  reinforced  concrete  construction  conducted  by  the 
British  Fire  Prevention  Committee.  These  tests  are  especially  noteworthy,  as  very 
little  has  been  done  elsewhere  in  this , direction  ;  the  United  States  being  practically  the 
onlv  other  country  that  has  carried  out  any  systematic  series  of  such  experiments.  It 
is  to  be  hoped  that  the  results  of  modern  investigation  in  this  direction  may  also  some 
day  be  recorded  for  the  benefit  of  the  Association. 

Floor  Slabs  and  Beams.— Firstly,  I  would  remind  the  members  of  the  Associa- 
tion of  some  early  tests  carried  out  in  England  from  1870  to  1876  by  Mr.  D.  Kirkaldy 
and  Mr.  Thaddeus  Hyatt.  They  demonstrated  the  value  of  anchoring  the  ends  of 
bars  in  flat  slabs  because  it  was  evident  that  the  adhesion  failed  in  certain  cases.  Thej 
also  proved  the  value  of  fixed  stirrups  or  vertical  members  in  concrete  beams,  though, 
du(?  to  the  load  being  applied  centrally,  the  value  of  these  vertical  members  was  more 
in  the  direction  of  a  mechanical  anchorage  to  the  main  tension  member  than  in 
resisting  diagonal  tension. 

The  next  experiment — i.e.,  one  by  Mr.  Frederick  George  Edwards,  carried  out  by 
Mr.  D.  Kirkaldv  in  189 1 — also  showed  the  advantage  of  anchorage  to  the  ends  of  bars, 
and  that  the  smaller  the  reinforcement  the  less  need  was  there  for  the  anchorage 
because  the  perimeter  of  the  smaller  bars  as  compared  with  larger  bars  was  greater. 

In  1893  or  1894  another  experiment  was  carried  out  for  Mr.  Edwards  which  showed 
that  beams  could  be  satisfactorily  constructed  with  diagonal  members  with  holes 
through  the  webs. 
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The  tests  by  Stuarts  Granolithic  Comijany  in  iSq^  and  i<Sq4  showed  sunu-  re- 
markable results  with  flat  slabs  heavily  reinforced,  and  can  only  be  explained  on  the 
assumption  that  the  stress  strain  curb  on  the  concrete  was  more  than  a  parabola, 
being  almost  rectangular. 

The  tests  by  Sir  Jo-hn  h\)wlcr  and  Sir  Benjamin  Baker  in  1896  on  slabs  reinforced 
with  expanded  metal,  also  showed  remarkable  resistance,  but  insufilicient  data  regard- 
ing the  strength  of  the  concrete  precludes  us  from  drawing  any  special  conclusions 
therefrom;  the  same  remark  applies  to  the  tests  by  Mr.  James  Mansergh  in  iHqS, 
and  by  the  Northern  Architectural  Association  and  others  in  ]8<)q  on  slabs  also  rein- 
forced with  expanded  metal.  The  test  by  Mr.  A.  T.  \\'almisley,  Mr.  J.  P.  Allen  and 
Mr.  A.  H.  Morton  in  1903  w^as  on  a  large  span  flat  slab,  but  nothing  much  can  be 
gained  from  it  except  that  the  ordinary  methods  of  calculation  are  satisfactory. 

Other  tests  which  we  published  might  be  examined  in  detail  to  show  the  application 
of  the  formulae  in  practice,  and  the  factor  of  safety  obtained  from  the  ordinary 
assumptions,  but  they  contained  no  special  lessons. 

Messrs.  Hodkin  and  Jones  in  1905  proved  how  the  resistance  of  a  concrete  floor 
was  materially  increased  by  the  insertion  of  corrugated  bars  of  some  depth  extending 
well  up  into  the  floor,  and  at  the  same  time  it  was  shown  how  the  resistance  of 
ordinary  rolled  steel  joists  was  increased  by  the  concrete  surrounding  them  in  a  floor 
of  the  old-fashioned  type. 

The  tests  by  Mr.  Blackadder  substantiated  the  adequacy  of  the  ordinary  method 
of  calculating  rectangular  beams  in  reinforced  concrete ;  those  built  with  shear  rods, 
however,  do  not  show  very  remarkable  results,  possibly  because  of  the  form  of  the 
shear  members,  which  were  inclined  but  not  rigidly  attached  to  the  main  bar,  and 
possibly  because  of  the  manner  of  loading  and  of  the  form  of  the  test  pieces. 

The  tests  conducted  by  Messrs.  D.  Kirkaldy  and  Son  in  1902  for  Messrs.  A.  E. 
Williams  are  interesting  as  being  in  respect  to  doubly  reinforced  rectangular  beams. 

The  tests  on  the  Herbst  tubular  floor  constructed  by  the  Armoured  Tubular 
Flooring  Company,  Limited,  and  conducted  by  the  British  Fire  Prevention  Committee 
in  1907,  showed  that  there  was  ample  resistance,  when  carefully  constructed,  in  such 
floors  of  moulded  ribs  and  moulded  filling  pieces  which  serve  as  permanent  centres 
for  a  topping  of  concrete,  such  floors  being  in  reality  of  T-beam  construction  with  a 
suspended  level  ceiling. 

Columns.' — The  test  by  Messrs.  D.  Kirkaldy  and  Son  in  1907  on  a  column  rein- 
forced only  with  Kahn  bars  showed  that  the  inclined  ribs  of  the  Kahn  bar  bent 
inwards  to  the  centre  of  the  column  afforded  considerable  increase  of  resistance.  The 
test  by  the  same  firm  of  some  arched  roof  trusses  at  Hammersmith  Baths  reinforced 
with  kahn  bars,  though  it  is  difficult  to  draw  any  detailed  conclusions  therefrom, 
proves  the  strength  of  such  a  structure  in  reinforced  concrete. 

The  tests  on  columns  for  H.M.  Office  of  Works,  which  were  also  conducted  by 
Messrs.  D.  Kirkaldv  and  Son,  show  that  the  ordinary  formulae  fit  the  conditions  of 
practice  well.  It  was  an  interesting  fact  the  columns  broke  near  one  end,  and  an 
explanation  of  this  is  needed. 

The  test  on  hooped  columns  which  was  carried  out  some  years  ago  for  Mr. 
William  Dunn  agreed  generally  with  the  results  obtained  bv  Professor  Talbot,  con- 
siderable deformation  resulting  before  the  hooping  apparently  came  into  play,  and  this 
was  recently  criticised  as  resulting  in  the  concrete  being  overstressed  in  the  early 
stages  and  the  column  deformed,  before  the  hooping  proved  effective,  which  it 
eventually  did,  in  increasing  the  ultimate  resistance  of  the  column.  The  inference 
drawn  was  that  the  strength  of  the  column  which  could  be  worked  upon  in  practice 
was  merely  that  of  plain  concrete,  and  though  correct  for  a  column  so  made  was  not 
applicable  to  columns  in  which  a  spiral  binding  was  used  together  with  a  fair  amount 
of  vertical  rods,  which  combination  has  been  shown  bv  other  tests  not  to  have  con- 
siderable deformation  in  the  earlv  stages  of  loading,  this  meaning  that  the  concret.- 
was  not  overstressed,  and  such  columns  have  greater  resistance  than  plain  concrete. 

Var/oiis. —  Various  other  minor  tests  went  to  show,  in  a  general  way,  the 
uniformity  and  general  reliability  of  reinforced  concrete,  even  if  thev  do  not  addniuch 
to  our  knowledge  of  theory,  or  if  they  cannot  be  considered  as  sufficiently  detailed  to 
be  of  scientific  value. 
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The  amount  of  research  work  which  has  been  done  in  this  country  is,  however, 
as  indicated  above,  very  small,  and  it  is  to  be  greatly  regretted  that  England,  who  was 
the  mother  of  several  of  the  earliest  inventors,  and  in  particular  of  Mr.  W.  B.  Wilkin- 
son, who  should  be  called  the  real  inventor  of  reinforced  concrete  as  a  method  of 
building  construction,  should  be  so  behind  other  countries  in  the  investigation  of  the 
subject. 

It  is  probably  the  unscientific  manner  in  which  we  went  about  the  investigation 
of  reinforced  concrete  that  led  to  it  being  undeveloped  here  and  firstlv  exploited  abroad, 
and  finally  returning  to  us  when  it  was  regarded  as  a  foreign  system.  This  is  too 
often  the  tale  of  invention  in  England,  and  our  engineering  institutions  and  our 
professors  of  engineering  have  nothing  to  compliment  themselves  upon.  At  the  present 
time  we  are,  in  fact — except  in  respect  to  the  matter  of  fire  resistance — verv  much 
behind  all  the  other  great  nations  in  our  tests  on  structural  materials  and  svstems  of 
construction,  which  are  few  and  far  between,  and  are  onlv  executed  on  a  small  scale. 

It  seems  almost  hopeless  to  expect  our  Government  or  our  engineering  colleges — 
where  so  often  lack  of  interest  or  understanding  of  such  problems  has  been  shown — to 
now  pay  any  attention  to  the  matter,  so  that  we  can  onlv  hope  for  the  efforts  of 
private  bodies  such  as  the  professional  societies  intimatelv  concerned. 

Should  this  slight  contribution  to  the  subject,  by  its  poverty  compared  with  the 
contributions  from  other  countries,  assist  in  an  awakening  of  mv  colleagues  at  home 
as  to  the  necessity  of  systematic  research  work,  then  these  lines  will  not  have  been 
written  in  vain. 

REINFORCED    CONCRETE   TESTS    MADE    IN    DENMARK. 
By  Prof&ssor  E.  Suenson,  Copenhagen. 

SiNXE  the  report  to  the  congress  held  at  Copenhagen  in  1909  was  given,  the  follow- 
ing tests  have  been  made,  Nos.  4  and  5  by  Professor  Ostenfeld,  the  rest  by  the  writer. 
Beams. —  i.  Tests  of  beams,  2I  in.  in  height,  3^^^  in.  in  breadth,  5*9  ft.  in  span 
length  and  reinforced  with  1*5 — 2-3 — 3'2— 3*9 — 4*5 — 6'4 — io'4 — 13"9  per  cent,  steel. 
Such  eight  beams  were  made  of  a  very  weak  concrete  (i  :  2  :  3,  only  seven  days  old), 
and  eight  similar  beams  were  made  of  a  very  strong  concrete  (neat  cement,  five  and  a 
half  months  old).  The  breaking  load  P  (in  the  middle  of  the  beam)  and  the  extreme 
fibre  stresses  is  printed  in  the  follnwing  tabic    (n  =  Eg  :  Ec  =   15): 


Reinforcement 

Round  bars  ^%"  in  diameter 

Round  bars  fg"  in  diameter 

2  pieces 

3  pieces    4  pieces 

5  pieces    6  pieces 

2  pieces 

3  pieces 

4  pieces 

Steel     ( 
area      ( 

Weak    ( 
concrete^! 

Neat     ( 
cement  ; 

sq.  in. 

per  cent. 

PIbs. 
fc  lbs  sq.  in. 
fs      ,', 

Plbs. 

f  ■  Ibs'sq.  in. 
fs       ,', 

0-12 
1-5 

519 

2605 

42000 

751 

3840 

61500 

0-18 
2-3 

577 

2660 

32600 

1040 

4840 

58500 

0-24 
3-2 

501 

2270 

22250 

1285 

6270 

58800 

0-30            0-36            0-48 
3-9              4-5              6-4 

557              602              578 

2370            22S0           2380 

1^900     .     17400          13700 

1503            U94           2002 

6950           8000            8560 

55700          37400          47900 

0-72 
10-4 

6C8 

2750 

10700 

2  402 
11420 
43000 

C-95 
13-9 

625 
2930 
8740 

3342 
146C0 
44000 

In  the  first  row  of  beams  the  yield  point  of  the  steel  is  not  reached,  not  even  in 
the  beam  with  1-5  per  cent,  steel,  therefore  f^  is  nearly  the  same  for  all  the  beams. 
In  the  second  row,  on  the  contrary,  the  yield  point  of  the  steel  is  reached  in  all  the 
beams,  and,  of  course,  f^  increases  with  the  steel  percentage;  even  in  the  beam  with 
i3'9  per  cent,  steel  the  compressive  strength  of  the  cement  is  not  reached. 

Beams  and  Cubes.  —  2.  Tests  of  sixtv  cubes  and  fiftv  beams  made  of  twelv^ 
\arious  kinds  of  concrete. 
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All  the  beams  were  reinforced  wilh  about  I'O^  per  cent,  of  steel,  and  the  breaking 
load  was  about  the  same  in  all  cases  in  agreement  with  the  yield  point  of  the  steel 
and  independent  of  the  quality  of  the  concrete  (the  compressive  strength  of  the  cubes 
varied  from  i,8oo  to  3,020  lbs.  per  sq.  in.).  Beams  for  concrete  testing  must  therefore 
have  a  greater  steel  ratio. 

3.  Tests  of  twenty-five  cubes,  having  a  length  of  side  of  7I  in.,  and  100  beams, 
2f  in.  in  height,  3  i*V  ^n-  '"  breadth,  5*9  ft.  in  span  length,  reinforced  with  from  i'59 
to  42*9  per  cent,  steel  for  finding  out  the  necessary  steel  ratio  in  beams  for  concrete 
testing. 

The  tests  showed  that  the  breaking  moment  and  f^.  increased  with  the  steel 
percentage  until  about  4  per  cent,  steel  has  been  reached ;  when  the  steel  ratio  was 
greater,  both  the  breaking  moment  and  f^  remained  constant.  The  compressive 
strength  of  the  cubes  (twenty-eight  days  old)  was  found  to  be  3,360  lbs.  per  sq.  in.,  and 
fp  was  found  to  be  i'26  times  as  high  (when  n  =  i5).  In  beams  for  concrete  testing, 
the  steel  percentage,  itherefore,  must  be  not  less  than  about  6,  as  the  concrete  is  often 
stronger  than  3,360  lbs.  per  sq.  in.  The  reinforcement  was  bars  of  mild  steel,  and  the 
yield  point  may  have  been  situated  at  about  39,800-42,700  lbs.  per  sq.  in.  If  steel  with 
a  higher  yield  point  is  used  for  the  beams,  the  steel  ratio  may  be  lower,  because  6  per 
cent,  steel  with  the  yield  point  40,000  lbs.  has  the  same  effect  as  4  per  cent,  steel  with 
the  yield  point  60,000  lbs. 

4.  Professor  A.  Ostenfeld  has  made  tests  on  thirty-six  cubes  (7I  in.)  and  thirty- 
six  beams,  2f  in.  in  height,  3i\in.  in  breadth,  5*9  ft.  in  span  length,  reinforced  with 
from  5  to  7  per  cent,  steel.  He  found  that  when  the  compressive  strength  of  the  cubes 
varied  from  3,660  to  540  lbs.  per  sq.  in.,f(,  varied  not  in  the  same  ratio,  but  only  from 
I '45  times  to  i'73  times  the  compressive  strength  of  the  cubes. 

5.  By  some  other  tests  on  twenty-five  cubes  (7^  in.)  and  thirtv  beams,  of  which 
fifteen  were  3  ^|in.  in  height,  2|  in.  in  breadth,  5*9  ft.  in  span  length,  reinforced  with 
5'5  per  cent,  steel,  and  fifteen  were  2  tV  i"-  '"  height,  3-f\in.  in  breadth,  5*9  ft.  in 
span  length,  reinforced  with  5*6  per  cent,  steel,  he  found  that  the  higher  shape  alwavs 
b'  5ke  in  consequence  of  shearing  stresses. 

Gravel. —  6.  Tests  for  finding  out  the  influence  of  the  greatness  of  the  grain  of 
gravel  on  the  compressive  strength  of  the  concrete  were  also  undertaken. 

REINFORCED    CONCRETE   TESTS    IN    GERMANY,  AUSTRIA. 
AND  SWITZERLAND, 

A  further  series  of  revicxcs  of  the  research  work  in  connection  icith  reinforced 
concrete  ivhich  has  been  carried  out  in  Germany,  Austria,  and  Switzerland 
respectively  since  the  CopenJiagen  Congress  of  1909  have  been  published  in  the  form 
of  German  Appendices  to  the  Report  of  the  Reinforced  Concrete  Committee,  and  of 
these  we  have  prepared  a  summary  which  reads  as  follows  : — 

Germany.  —  The  report  deals  first  with  the  very  extensive  series  of  experiments 
planned  in  1909,  and  executed  under  the  auspices  of  the  German  Reinforced  Concrete 
Committee.  The  laboratories  engaged  were  those  of  Gross-Lichterfelde,  Stuttgart, 
Dresden,  and  Darmstadt,  and  the  investigations  embraced  the  influence  of  many  factors 
on  strength,  resistance  to  slipping,  expansion,  and  other  properties  on  both  plain  and 
reinforced  concrete.  Another  series  dealt  with  the  electrical  conductivity  O'f  concrete, 
and  with  the  action  of  continuous  and  alternating  currents  on  reinforced  concrete  and 
on  the  adhesion  between  steel  and  conerete.  Fire  tests  were  also  made  with  two  small 
huts  constructed  with  different  aggregates. 

For  the  control  of  work  during  erection  crushing  tests  on  plain  concrete  cubes  of 
30  cm.  side  are  now  in  use,  but  experiments  are  in  progress  in  order  to  determine 
how  far  test  beams  may  be  used  for  the  purpose. 

In  addition  to  this  programme  many  investigations  have  been  conducted  in  the 
testing  stations  of  Brunswick,  Darmstadt,  Dresden,  Gross-Lichterfelde,  Munich,  and 
Stuttgart.  The  loading  tests  at  Gross-Licbterfelde  dealt  especially  with  hollow  floors, 
in  which  the  spaces  were  formed  by  bricks,  terra-cotta  channels,  wire  spirals  covered 
with    roofing    felt,    pumice    concrete    tubes,    and    metal    tubes,    the    spans    being    from 
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550  to  785  cm.  Other  floors  tested  were  reinforced  bv  wire  netting  covered  with  felt, 
reinforced  tiles,  and  floor  lights  of  glass  held  in  reinforced  concrete  frames.  The 
experiments  on  columns  with  different  forms  of  reinforcement  have  been  recently 
published,  w-hilst  some  novel  experiments  dealt  with  the  tensile  strength  of  concrete 
cylinders  of  different  composition,  with  and  without  the  application  of  internal  pressure. 
Stairways  of  reinforced  concrete  and  reinforced  artificial  stone  slabs,  of  six  steps  each, 
were  tested  by  Icxading  the  four  upper  steps  and  measuring  the  deflections.  Fire  tests 
were  also  made  w^ith  concrete  as  against  granite,  and  also  with  concrete  made  with 
limestone  aggregate. 

The  Stuttgart  exj>erime.nts  include  some  on  the  influence  of  granulated  blast- 
furnace slag  on  the  strength  of  concrete,  and  many  on  the  influence  of  composition 
on  strength  and  resistance  to  slipping.  A  series  of  tables  attached  contain  particulars 
of  beams  tested  by  bending  in  which  fracture  occurred,  (a)  by  crushing  of  the  concrete 
under  compression  before  the  elastic  limit  of  the  steel  under  tension  was  reached, 
(b)  by  rupture  of  the  beam  under  transverse  forces.  All  the  results  have  been  published, 
but  are  newly  collected  for  comparison". 

Austria.  — The  Austrian  tests  recorded  include  :  Tests  of  Hennebique  beams  9-5 
metres  long,  conducted  at  Lemberg ;  an  extensive  series  of  compression  and  bending 
tests  in  Vienna;  an  investigation  of  the  effect  of  repeated  loading  on  the  adhesion 
of  clean  and  rusty  steel  to  concrete,  also  in  Vienna ;  and  tests  of  88  reinforced 
columns,  conducted  at  Lemberg.  The  Austrian  Association  of  Engineers  and  Architects 
has  also  undertaken  an  important  series  of  tests  in  Vienna,  comprising  52  square 
columns  with  Portland  and  slag  cement  under  different  conditions  of  setting  and 
loading,  24  hexagonal  columns,  and  24  columns  with  special  forms  of  transverse  rein- 
forcement, or  100  columns  in  all  of  either  3  or  4-5  metres  height ;  also  a  large  number 
o.  slabs  and  beams.  The  influence  of  composition  has  been  tested  by  experiments  with 
plain  concrete  beams.  Dr.  von  Emperger's  experiments  with  columns  reinforced  with 
T  and  channel  irons  are  also  included. 

Switzerland.  —  The  earlier  Swiss  experiments  have  served  as  the  basis  of  new  rules 
for  the  use  of  reinforced  concrete,  adopted  in  1909  for  all  public  works  with  the 
exception  of  railways.  Investigations  have  been  continued,  and  have  been  facilitated 
by  the  addition  to  the  Zurich  laboratory  of  a  500-ton  Amsler  press  capable  of  testing 
columns   3*8   metres   long. 

The  tests  undertaken  have  included  :  The  effect  of  reinforcement  in  the  compression 
zones  of  beams  under  bending  load ;  the  effect  of  thickening  on  reinforced  concrete 
slabs;  the  effect  of  different  modes  of  fixing  at  the  ends  of  beams;  a  comparison  of 
round  bars  with  Kahn  bars;  and  some  further  tests  on  the  influence  of  reinforcement 
of  variable  section. 

Tests  on  the  components  of  concrete,  all  conducted  at  Zurich,  have  included  :  the 
influence  of  the  form  of  rectangular  test  pieces  on  the  crushing  strength,  and  of  a 
number  of  factors  on  the  strength  of  prisms,  whilst  the  tests  on  different  Swiss  sands 
and  gravels  have  been  continued.  Many  tests  have  also  been  carried  out,  in  accordance 
with  the  new  regulations,  on  finished  structures,  furnishing  useful  data  for  comparison 
with  the  laboratory  results.  During  1909  and  19 10  the  laboratory  has  tested  1,227 
series  of  concrete  test-pieces  sent  from  different  parts  of  the  country. 

The  report  concludes  with  a  table,  similar  to  that  annexed  to  the  German  report, 
collecting  the  instances  observed  of  beams  breaking  (a)  by  crushing,  (b)  by  shearing. 
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PROBLEMS   IN   THE  THEORY   OF 
CONSTRUCTION. 

WIND  PRESSURE  ON  ROOFS. 


^i^^^^ll^         CAONSIDERATION  of  STANTON'S  EXPERIME  2,TS. 


By  EWART  S.  ANDREWS.  B.Sc.  (Eng.). 

The  question  of  luind  pressure  is  one  that  claims  the  closest  attention  of  all  interestea 
in  the  design  of  buildings  and  in  constructional  engineering,  and  the  article  presented  beloiu 
should  therefore  be  considered  not  onh  an  interesting  but  an  important  contribution  on  the 
subject.  — ED. 


Althodgh  it  is  iKjw  four  years  since  Dr.  T.  E.  Stanton  published  the  results 
of  his  experiments  at  the  National  Physical  Laboratory  on  wind  pressure, 
practical  designers  do  not  appear  to  have  made  any  allowance  in  their  calcula- 
tions for  the  results  of  these  experiments.  In  the  present  article  we  will  out- 
line the  principal  results  of  these  experiments  and  will  consider  for  one  case  the 
difference  of  the  stresses  in  the  members  obtained,  (a)  in  the  usual  manner,  [h) 
on  a.  method  based  upon  Stanton's  experiments. 

PRELIMINARY    EXPERIMENTS. 

In  1903  Dr.  Stanton  carried  out  very  careful  experiments  "  On  the 
resistance  of  plane  surfaces  in  a  uniform  current  of  air."*  A  current  of  air 
was  drawn  by  a  motor-driven  fan  down  a  vertical  channel  2  ft.  in  diameter, 
and  plates  and  models  were  placed  in  this  channel  and  the  pressure  upon  them 
was  measured  by  weighing-  apparatus.  The  velocity  of  the  current  of  air  was 
measured  by  means  of  Pitot  tube  apparatus  and  the  intensity  of  the  air-pressure 
was  measured  by  means  of  a  specially  designed  tilting  water  gauge.  The 
principal  result  was  the  formula  for  the  pressure  on  a  plane  normal  to  the  wind 

P  = -00277  2 
where   /-"  =  resultant  pressure  in  lbs.  per  sq.   ft. 
r  =  velocity  of  wind  in  miles  per  hour. 

Dealing  with  models  of  roofs,  it  was  found  that  there  was  an  appreciable 
negative  or  suction  pressure  on  the  leeward  side  of  the  roof,  and  lor  roof- 
angles  of  30°  and  45°  these  negative  pressures  exceeded  considerably  the 
positi\'e  pressure  on  the  windward  side  ;  in  fact,  for  an  angle  of  30'-'  the  pres- 
sure on  the  windward  side  was  practically  nil.  The  results  of  these  experiments 
with  an  artificial  current  of  air  gave  promise  of  such  important  results  that  they 
weri.'  followed  bv  experiments  on  a  more  aml)itious  scale  with  the  wind  itself. 

LATER    EXPERIMENTS. 

These  were  carried  out  on  a  windmill  tower  erected  on  a  fairly  exposed 
position  at  Bushey  Park,  and  the  results  were  published  in  igoS.f 

Mahogany  boards  of  varying  sizes  from  10  ft.  square  were  used,  and  the 
pressure  was  transmitted  to  a  thin  steel  diapliragm  communicating  with  a  water 
gauge. 
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The  general  conclusion  was  that  the  intensity  of  pressure  is  itidependeiit  of 
the  dimensions  of  the  plate,  and  is  given  by 

P  =  -oo3  I'- 
where  P  and  I'  are  as  before. 

The  roof  models  consisted  of  a  steel  principal,  the  roof  angle  of  which  was 
capable  of  adjustment  from  30°  to  60";  on  the  principal  were  carried  mahog-any 
boards  8  ft.  by  7  ft. 

The  foUowino-  results  were  obtained  :  — 


Inclinalion 
(degrees) 


Pressure  per  sq.  ft.  for 
V'  =  20  miles  per  hour 


The  aboi'e  figures  apply  to  cases  7vhere  roofs  are  supported  on  columns 
through  whicli  wind  may  pass. 

Experiments  were  then  made  with  a  board  at  the  side  to  obtain  the  effect 
of  a  wall  on  the  leeward  side,  with  the  following"  results,  which  were  obtained 
more  than  once  :  — 


Pressure  per  sq. 

Inclination      ft.    on    leeward 

(degrees)     '  side.        T'  =  20 

miles  psr    hour 


64 

-•36 

48 

-•68 

35 

-•82 

These  results  are  of  the  same  order  as  those  on  small  models  in  a  uniform 
current  of  air. 

In  order  to  find  the  effect  of  windows,  doors,  and  like  openings  in  the  side 
of  buildings,  openings  equal  to  4  per  cent,  of  the  whole  surface  were  made  in 
the  board  at  the  side,  with  the  following  results  :  — 


Ratio  of  pressure 

Inclination 
(degrees) 

Conditions  of  Openings 

inside  to  maxi- 
mum pressure 
on    windward 

side  of  a  plate  on 

Windward 

Leeward 

which  wind  im- 
pinges  normal!}' 

60 



Closed 

ITO 

60 

— 

Half  Open 

•67 

60 

— 

Open 

•20 

— 

Open 

— 

— 

30 

— 

Closed 

•82 

30 

Half  Open 

•49 

30 

— 

Open 

'20 
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Concluding  results. — The  following-  are  given  as  the  conclusions  with 
regard  to  wind  pressure  on  roofs,  from  wliich  rules  for  design  might  be 
formulated. 

Values  of  K  tor  use  in  the  formula  : 
I'  =  KV 
where  P  =  pressure  in  lbs.  per  sq.  ft. 
r  =  velocity  in  miles  per  hour. 
(a)  Wind  passing  right  through  the  columns. 


Windward  Side 
Leeward  Side 


Values  of  A' 


60° 


•0034 
nil 


45^ 


30° 


"0028 
nil 


•0015 
nil 


(b)  Pressure  possible  inside  building. 


Values  of  K 


60° 


Windward  Side 
Leeward  Side 


+  •0034 
-•0032 


45° 


30° 


+  •0028 


+  •0015 

—  '0022 
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APPLICATION    TO    DETERMINATION    OF   STRESSES. 

We  will  now  apply  these 
results  to  the  determination  of 
the  stresses  in  the  roof  truss 
shown  in  Fig.  i ,  and  will  com- 
pare the  stresses  obtained  in  the 
ordinary  method  with  those 
obtained  by  the  new  method, 
allowing  for  suction  pressure — 
i.e.,  for  the  case  where  the  wind 
does  not  blow  straight  through 
the  columns. 

The  principals  are  taken  as 
10  ft.  apart  and  the  dead  load  as 
18  lb.  per  sq.  ft.  of  ground  plan. 

The  stress  diagram  for  this 
loading  comes  as  shown  in  the 
figure,  this  diagram  being  drawn 
by  the  quite  simple  and  well- 
known  method  of  reciprocal 
figures.  The  loading  shown  is  in 
thousands  of  pounds,  or  "  kips," 
as  the  American  designers  call 
it. 

Fig.  2  shows  the  stress 
diagram    for    the    wind    pressure 
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drawn  according-  to  the  usual  man- 
ner of  treating-  the  wind ;  a  wind 
pressure  of  30  lb.  per  sq.  ft.  on  a 
vertical  surface  is  taken,  which 
g-ives  for  a  pitch  of  30°  a  normal 
pressure  of  '66  x  30=19-8  lb.  per 
sq.  ft.,  '66  being-  the  coefficient 
given  by  Hutton's  formula,  which 
is  in  most  general  use.  The  ends 
of  the  truss  have  been  taken  as 
fixed,  so  that  the  reaction  at  each 
end  is  parallel  to  the  resultant  wind 
pressure ;  there  are  arg-uments 
against  this  assumption,  but  those 
in  its  favour  predominate,  and  it 
is  accepted  by  most  of  the  reliable 
writers. 

To  determine  the  amount  of 
each  reaction,  and  thus  the  point  O 
on  the  reciprocal  fig-ure,  we  produce 
the  total  wind  pressure  to  meet  the 
span  XF  in  the  point  \  and  divide 
the  total  pressure   1,5;  so  that 

0,5     xY 

The  reciprocal  figure  is  then  drawn 
without  difficulty  and  assumes  a 
familiar  form. 

Now  we  come   to  the  determi- 
nation of  the  stresses  in  accordance 
with  Stanton's  experiments.     According-  to  the  formula  P  =  'oo3   I'^,  30  lb.   per 
sq.   ft.   corresponds  to  a  velocity  of  100  miles  per  hour  ;  taking-,  therefore,  the 
fig-ures  from  table  (/')  we  have,  for  our  case  of  30"-*  pitch — 

Windward  pressure  =15  lb.   per  sq.   ft. 
Leeward  ,,  —  —  21  lb.  per  sq.  ft. 

The  wind  loading  on  the  truss  then  comes  as  shown  in  Fig.  3,  the  arrow,  as  in 
the  previous  figure,  indicating-  the  direction  of  the  wind. 

The  resultant  wind  pressure  acts  at  the  intersection  -Y-  of  the  total  w'ind- 
ward  and  leeward  pressures,  which  come  to  15  x  23*09  x  10  =  3,462  and 
22  X  23*09  X  10=  5,080  lb.  respectively. 

The  loads  are  divided  up  as  shown  (in  kips,  or  thousands  of  pounds)  and 
are  set  down  to  scale  on  the  lines  1,4'  and  4,8,  the  resultant  wind  pressure 
being  given  by  1,8;  a  parallel  to  1,8  is  drawn  through  the  point  y  to  meet  AT, 
produced  in  x. 


Fig  2. 
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Fig.  3. 


Then  the  point  O  is  taken,   so  that 

08      Yx 

this  may  be  done  graphically  by  setting-  out  Sin  to  represent  Xx  and  m  parallel 
to  it  to  represent  Yx  on  the  same  scale  and  joining-  across. 


Then 


S,0  =  Rv:  Oi^Rx. 


The  reciprocal  fig-ure  can  then  be  drawn  without  much  difficulty  and  comes 
to  the  form  shown,  which  is  very  different  from  that  shown  in  the  previous 
fig-ure. 

We  can  then  tabulate  our  results,  and  by  noting-  that  the  stress  in  G7 
say,  when  the  wind  is  on  the  left  will  be  the  same  as  that  in  2.4  when  it  is  on 
the  rig-ht,  we  g-et  the  stresses  for  the  wind  on  each  side. 
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Stresses  in  Thousands  of  Pounds. 
+  =  compression.  —  =  tension. 


j^      ,     Wind  on  ordinary 

Wind 

on  new 

Maximum 

Minimum 

method 

method 

stress 

stress 

Member 

Load 

Wind  Left 

Wind  Right 

Wind  Left 

Wind  Right 

Old 

New         Old 

New 

A2 

+  6-00 

+  3-67 

+  2-43 

+  0-06 

-2-35 

+  9-67 

+  6-06  +6*00 

+  3-65 

B3 

+  4-80 

+  2-86 

+  2-43 

-0-58 

-1-40 

+  7*66 

+  4-22  +4-80 

+  3-40 

C4 

+  4-80 

+  3-67 

+  2-43 

+  0-06 

-2-35 

+  8-47 

+  4*86  +4-80 
-5-20 

+  2-45 

AO 

-5-20  1    -4-24 

-1-40 

+  18  + 

+  7*48 

-9-44 

+  2'28  -5-20 
-3-12 

-3-36 

DO 

-3-12,    -1-40 

-1-40 

+  4-15 

+  4-15 

-4-52 

+  1-13  -3-12 

+  ri3 

AB 

+  1-20 

+  r64 

nil 

+  1*30 

-1-93 

+  2-84 

+  2"50;  +  l-20 

-073 

EC 

+  1-20 

+  1-64 

nil 

+  1-30 

-1-93 

+  2-84 

+2-5o:+r20 
-4-38: 

-073 

CD 

-2-08 

-2*86 

nil 

-2-30 

+  3-33 

-4*94 

+  1-25  -2-08 

+  1-25 

Where  reversal  of  stress  occurs,  two  values  are  given  in  the  maximum  stress 
column. 

GENERAL  CONCLUSIONS. 
An  inspection  of  the  above  figures  will  show  that  the  effect  of  the  suction 
pressure  is  to  reduce  the  maximum  and  minimum  stresses  in  all  the  members, 
and  to  necessitate  the  lower  members  being  made  of  sections  such  as  angles 
or  tees  capable  of  taking  compression  ;  the  latter  point  is  often  allow^ed  for  in 
practice.  As  many  roof  trusses  are  made  of  height  equal  to  J-span  it  is  rather 
a  pity  that  the  experiments  were  not  extended  to  this  slope,  but  it  may  be  taken 
that  results  of  the  same  order  would  be  obtained,  and  leeward  suction  pressures, 
in  the  same  proportion  to  the  windward  pressures  may  be  taken  for  design. 
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CAVENDISH 

BRIDGE, 
MAURITIUS. 


By   P.   le  JUGE  de   SEGRAIS.   M.Inst.C.E., 

Director  of  Public  Worka,  Mauritius. 

It  is  interesting  to  note  the  increasing  use  of  concrete  and  reinforced  concrete  in  the 
Colonies,  and  beloiu  toe  present  an  article  on  a  reinforced  concrete  bridge  recently  erected  in 
Mauritius.  We  are  indebted  to  the  "Colonial  Office  Journal"  for  kindly  placing  the 
illustrations  and  matter  at  our  disposal. — ED. 


Previous  to  1905  most  of  the  road  bridges  of  the  Colony  were  built  in  timber, 
nineteen  only  out  of  189  being-  constructed  in  masonry  or  steel.  The  sums  spent 
annually  for  maintaining-  these  timber  bridges  in  good  repair  have  amounted  to 
about  ;^"4,ooo,  and,  with  the  object  of  doing  away  with  this  large  recurrent 
expenditure,  the  policy  of  replacing  gradually  all  the  timber  structures  in 
material  of  a  durable  character  has,  on  ihe  suggestion  of  the  author,  been 
adopted  by  the  Colonial  Government. 

As  a  result,  three  bridges  have  been  entirely  rebuilt  in  masonry  (arches)  and 
three  with  steel  superstructures.  Over  thirty  have  been  rebuilt  in  reinforced 
concrete,  which  has  proved  cheaper  than  either  masonry  or  steel,  and  practically 
requires  no  maintenance.  All  the  reinforced  concrete  bridges  are  periooicallv 
examined  and  show  no  sign  of  cracking  anywhere. 

The  existing  abutments  or  piers  of  the  timber  bridges  are  generally  of  sub- 
stantial basalt  m.asonry,  so  that  the  superstructure  only  requires  renewal,  and 
this  is  done  by  blocking  the  road,  if  there  is  another  road  available  within  some 
reasonable  distance,  or  the  work  is  carried  by  halves,  which  is  naturally  not  so 
satisfactory,  and  m.ore  costly  also. 

In  some  cases,  however,  it  is  necessary  to  rebuild  the  bridge  entirely,  either 
because  there  are  no  satisfactory  abutments  or  piers,  or  because  the  position  of 
the  existing  bridge  is  dangerous  and  difficult  of  approach,  especially  with  the 
motor  traffic,  which  is  daily  largely  increasing. 

The  bridge  just  completed  and  called  Cavendish  Bridge  is  the  longest  road 
bridge  in  the  Island. 

The  old  structure,  built  about  the  year  1856,  consisted  of  35  pairs  of 
timber  piles,  spaced  18  to  20  ft.  apart,  across  the  estuary  of  River  "  La 
Chaux,"  to  connect  the  town  of  Mahebourg  with  its  suburb  called  "  V'ille 
Noire,"  and  establish  communication  between  Mahebourg  and  an  imiportant 
section  of  the  district  of  Grand  Port.  Only  light  traffic,  such  as  carts  and 
carriages,  was  permissible  over  this  bridge,  and  now  and  then  a  roller,  not 
exceeding  5  tons  in  weight,  was  allowed  to  be  dragged  over  the  bridge  by  men 
with  the  greatest  precautions. 

The  cross  section  of  this  old  timber  bridge  sbtiws  how  the  work  was  carried 
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ouL,  the  timber  piles,  lo  to  12  in.  square,  driven  about  20  ft.  in  unsafe  ground, 
being  connected  top  and  bottom  by  horizontal  timber  ties  and  struts,  on  which 
the  timber  platform,  4  in.   thick,   was  laid  across  longitudinals  fixed  in  the  top 


I 


horizontal  member.      It  will  be  understood  that  a  structure  of  this  description, 

measuring  533  ft.    from  end  to  end   (there  being  no  masonry  abutments,   but 

piles  driven  at  each  end  were  secured  in  dry  walling  to  form   the  abutments), 
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was  not  very  satisfactory  as  regards  stability;  in  fact,  it  was  so  shaky  that  it 
was  with  difficulty  that  the  author  could  use  his  level  while  standing-  on  the 
bridge,  the  spirit  bulb  being  thrown  out  of  level  by  any  person  passing  the 
instrument. 


The  new  bridge  was  designed  with  a  view  to  facilitate  the  traffic,  and  to 
carry  a  moving  load  of  one  ton  per  foot  run,  which  is  more  than  ample  for  the 
local  requirements. 
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A  good  view  of  the  bridge  is  given  by  the  photograph  taken  on  the  down 
stream  side  {See  Frontis.).  There  are  seven  flat  arches,  span  62  ft.  6  in. 
and  rise  i-io  of  the  span,  or  6  ft.  3  in.,  the  piers  at  the  springings  of  the  arches 
being  5  ft.  thick,  and  the  abutments  20  ft.  deep,  giving  a  total  length  of 
507  ft.  6  in.  for  the  portion  of  the  work  done  in  reinforced  concrete.  The 
approaches,  measuring  82  ft.  and  177  ft.  respectively,  are  made  in  coursed 
rubble  masonry  with  a  finely  dressed  ashlar  parapet. 

Abutments.  —  The  southern  abutment  on  the  Mahebourg  side  rests  on 
20  teak  piles,  10  in.  square,  driven  in  the  solid  10  to  20  ft.  ;  these  piles  support 
a  reinforced  concrete  base,  2  ft.  thick,  by  means  of  li-in.  round  steel  bars  fixed 
on  the  top  of  the  piles,  to  which  a  lattice  work  of  |-in.  and  |-in.  round  steels 
fixed  6  in.  apart  are  connected.  Light  walls  of  reinforced  concrete  were  then 
built  I  ft.  thick,  leaving  hollows  which  were  filled  up  with  coral  sand. 

The  abutment  has  the  shape  of  a  trapezium,  with  the  exception  of  the  two 
outside  walls,  which  are  tied  by  reinforced  beams  into  the  central  wall.  This 
is  shown  by  the  photographs  of  the  abutment  on  pages  675  and  676.  The  light 
walls  are  reinforced  by  vertical  f-in.  round  steel  bars  placed  8  in.  apart,  and 
horizontal  |-in.   round  steel   bars   similarly  spaced. 

The  walls  are  further  reinforced  by  five  pairs  of  unserviceable  rails  where 
the  arch  reinforcements  are  attached,  and  also  a  second  line  of  ten  old  rails  at 
the  back  which  serve  for  further  anchoring  the  arch  reinforcements  by  means  of 
two  pairs  of  li-in.  round  steel  bars. 

Some  difficulty  was  experienced  in  making  the  foundations.  It  was  first  of 
all  anticipated  that  it  would  be  possible  to  find  solid  ground  from  trial  pits 
previously  made,  but  water  percolating  made  the  excavation  very  diflficult, 
especially  at  high  tide,  and  steam  pumping  had  to  be  resorted  to.  It  was  then 
found  preferable  to  drive  piles  to  support  the  concrete. 

The  northern  abutment  in  "  Ville  Noire  "  was  built  in  the  river  bed,  as  well 
as  a  part  of  the  masonry  approach  wall,  and  a  cofferdam  was  first  of  all  made ; 
fifteen  reinforced  concrete  piles  were  driven  to  support  the  abutment,  which 
was,  in  other  respects,  the  reproduction  of  the  southern  one.  Below  water  these 
piles  were  connected  together  in  t"he  same  manner  as  those  for  the  piers,  as 
explained  further  on.  Sixteen  reinforced  concrete  piles  were  subsequently  driven 
to  support  the  masonry  walls  of  the  approach  on  that  side,  the  piles  being  spaced 
18  ft.  and  4  ft.  centres,  and  connected  by  a  reinforced  concrete  base  6  ft.  wide 
and  I  ft.  thick,  on  which  the  masonry  walls,  17  ft.  high  at  the  deepest  part  on 
each  side,  were  built  without  difficulty. 

Each  pile  was  reinforced  with  four  i|-in.  round  mild  steel  bars,  tied  with 
TG-'ih.  wire  spaced  close  at  the  point  and  end,  and  nowhere  less  than  6  in.  apart. 
The  piles  were  moulded  horizontally  always  two  months  in  advance  ;  they  were 
driven  by  a  ij-ton  cast  iron  monkey  with  a  drop  not  exceeding  7  ft.  until  the 
piles  reached  the  firm  ground,  that  is  when  the  penetration  per  blow  did  not 
exceed  g  in.  No  difficulty  was  experienced  in  driving  the  piles  with  the  inter- 
position of  a  wooden  dolly  and  a  steel  square  box  fitted  on  top  of  the  pile  anti 
filled  with  sawdust  and  wooden  shavings. 

Piers. —  A  cofferdam  had  to  be  made  for  each  pier.  Ten  reinforced  concrete 
piles  were  driven  from  15  ft.  to  24  ft.  In  one  case  the  piles  had  to  be  lengthened, 
and  in  others  they  had  to  be  cut  off.  67y 
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These  piles  were  connected  by 
short  reinforced  concrete  walls,  i  ft. 
thick  and  2  ft.  to  3  ft.  deep—  i.e.,  about 
5  ft.  below  low  water  level — to  protect 
tht  piles  further  down  in  case  of 
erosion.  The  reinforced  concrete  base, 
26  ft.  long-,  7  ft.  wide,  and  2y  in.  thick, 
resting-  on  the  piles,  is  reinforced  by 
two  li-in.  steel  bars  resting  on  the 
tops  of  the  piles  lengthwise  and  cross- 
wise, the  intervals  being  fitted  up  with 
a  netting  of  |-in.  and  ^-in.  round  steels, 
spaced  6  in.  apart.  When  a  foot  of 
concrete  had  been  laid  the  old  rails 
were  fixed  in  proper  alignment,  these 
being  fixed  in  pairs,  5  ft.  centres,  and 
the  remaining  15  in.  of  concrete  were 
then  laid.      I-lach  pier  has  four  hollows 

4  ft.  by  3  ft.  6  in.  ;  these  were  left 
empty  to  save  weight  on  the  piles  and 
give  more  elasticity  to  the  pier.  The 
walls  were  reinforced  in  the  same  way 
as  those  of  the  abutment. 

Arches.  —  Each  span  consists  of 
five  beams,  the  three  central  ones  15  in. 
thick  and  the  outside  ones  13^  in.  ;  the 
depth  of  each  beam  is  i  ft.  at  the 
centre  and  7  ft.  3  in.  at  the  haunches. 

The  concrete  platform  is  tied  on 
the  top  of  these  beams,  which  are  con- 
nected crosswise  by  nine  cross  beams 
9  in.  thick  and  12  in.  deep.  These 
beams  form  continuous  beams  from 
one  end  of  the  bridge  to  the  other,  and 
are  firmly  tied  into  the  abutments,  as 
already  explained.  The  reinforcement 
consists  of  two  3i-in.  by  3i-m.  by  i-in. 
mild  steel  angles  forming  two  inverted 
tees  top  and  bottom,  which  are  con- 
nected by  vertical  and  diagonal 
bracings  bolted  to  the  steel  angles  by 
f-in.  bolts  spaced  2  ft.   i  In.  apart. 

The  lower  angles  are  placed  2  in. 
below  the  Intrados,  and  the  upper  ones 
project  3  In.  Into  the  6-in.  platform. 

The  cross  beams  are  reinforced  by 

5  I -in.    round   mild   steel  bars,   one  of 
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each  passes  over  th.  upper  steel  angles  and  is  inclined   towards  the  centre  of 
each  bay  to  provide  ag-ainst  shearing.    The  platform  consists  of  a  series  of  ^-in. 


View  of  Pier  Construction. 
The  Cavendish  Eridge,  Mauritius 


~"T'!  T^  T!  '""  '°™'"^  =>  ^^"-^^  °f  8  -■■  "i'h  ^<!-"PS  (made  of 
cement  ca,k  steel  bands)  at  each  intersection 

The  concreting-  of  each  beam  took  one  day,  and  that  of  the  platform  three 
days^on  each  occas.on;  a  rendering  of  J  in.   of  cenvent  mortar  .'to   .   was  laid 
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immediately  after,  and  the  whole  kept  moist  for  a  fortnight.  The  cornice  on 
which  the  handrail  is  built  was  next  concreted. 

Each  span  was  made  in  succession,  and  it  is  to  be  noticed  that  there  is  no 
crack  noticeable  where  new  work  was  laid  against  old  on  six  different  occasions 
at  intervals  of  four  to  six  months. 

The  composition  of  the  concrete  used  was  a  mixture  of  12  parts  by  volume 
of  carefully  cleaned  and  washed  basalt  macadam  of  f  in.  and  li  in.  in  size, 
6  parts  of  screened  coral  sand,  and  2  parts  of  Portland  cement  for  all  the  walls 
in  compression,  and  3  parts  of  cement  for  the  superstructures. 

All  the  outside  work  was  carefully  rendered  and  polished  with  fine  cement 
mortar  i  to  i,  and  by  fixing-  small  wedge-shaped  battens  inside  the  moulds  to 
imitate  masonry  joints  the  work  has  the  appearance  of  being  made  of  blocks  of 
marble. 

It  took  a  little  over  three  years  ta  build  the  bridge.  The  work  was  started 
on  February  17th,  1908,  and  the  bridge  tested  on  March  28th,  191 1,  when,  on 
passing  a  traction  engine  weighing  17  tons  and  three  trailers  loaded  with  bags 
of  sugar  each  weighing  9  tons,  a  maximum  deflection  of  1-24  in.  was  obtained. 

The  cost  of  the  work  is  given  below.  The  old  timber  bridge  was  built 
originally  for  a  contract  price  of  $47,000,  equivalent  to  ;^9,400  ;  the  timber  was 
naturally  periodically  renewed.  The  sums  spent  for  repairs  to  the  bridge  for  a 
period  of  nine  years,  from  1896  to  1904,  amounted  to  Rs.  36,425,  giving  an 
average  sum  of  Rs.  4,000  in  round  figures,  or  ;^?266,  for  annual  maintenance. 

The  following  is  the  detailed  schedule  of  cost  : — 

1.  Rei>2forced  Concrete   ]]'ork —  ;£5"     s.     d.  ;^     s.     d. 
Portland  cement  from  England 1,296     4     7 

Mild  steel  from  England     1,272  3  10 

Timber  for  false  work  248  12  4 

Labour     3,456  18  8 

Sand     63  5  4 

Cartage,   dressed   stones   for  caps  of  parapets, 

edge  of  roadway,  incidentals  380  18  7 

6,718     3     4 

2.  Masonry  ApproacJies — 

Portland  cement  fiom  England  281    11     9 

Steel    from    England    82     o   ir 

Labour     1,098     o     3 

Sand     II    II    10 

Cartage,  dressed  stones,  and  incidentals 445    10     4 

1,918   15      I 

Total   ;^8,636   18     5 
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WORK. 


PRESENTED  AT  THE  CONVENTION  OF  THE  NATIONAL  ASSOCIATION 

OF  CEMENT  USERS. 

In  our  August  number  "we  printed  tivo  of  the  Papers  presented  at  the  last  Annual 
Con-oention  of  the  National  Cement  Users'  Association.  We  noiv  publish  some  of  the 
proposed  standard  specifications  for  reinforced  concrete  floors,  ivhich  should  be  of 
particular  interest  to  our  readers. — Ed. 


PROPOSED  STANDARD  SPECIFICATIONS  FOR  REINFORCED 
CONCRETE  FLOORS. 

Materials. 

1.  Cement. — The  cement  shall  meet  the  requirements  of  the  Standard  Specifi- 
cations for  Portland  Cement  of  the  American  Society  for  Testing  Materials  and 
adopted  by  this   Association.     (Standard    No.     i.) 

2.  Aggregates. — The  aggregates  shall  be  clean,  coarse,  hard,  durable  materials, 
and  shall  be  free  from  dust,  soft,  flat  or  elongated  particles,  loam,  vegetable  or 
other  deleterious  matter.  In  no  case  shall  aggregate  containing  frost  or  lumps 
of  frozen  material  be  used. 

(a)  Fine  Aggregate  for  Concrete. — Fine  aggregate  shall  consist  of  sand,  crushed 
stone  or  gravel  screenings,  preferably  of  silicious  materal,  graded  from  fine  to 
coarse,  and  passing,  when  dry,  a  screen  having  one-quarter  (5)  inch  diameter  holes, 
and  not  more  than  three  (3)  per  cent,  shall  pass  a  sieve  having  one  hundred  (100) 
meshes  per  linear  inch. 

Fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  (1)  part 
Portland  cement  and  three  (3)  parts  fine  aggregate,  by  weight,  when  made  int(» 
briquettes  will  show  a  tensile  strength  at  least  equal  to  the  strength  of  i  :  3  mortar 
of  the  same  consistency  made  with  the  same  cement  and  Standard   Ottawa  sand. 

(b)  Aggregate  for  Wearing  Course. — The  aggregate  shall  consist  of  screened 
gravel  or  stone  screenings  from  granite  or  other  close-grained  durable  "rock,  suf- 
ficiently hard  to  scratch  glass,  mixed  in  ithe  proportion  of  three  (3)  parts  passing 
a  one-half  (i)  inch  ring  and  retained  on  a  screen  having  one-quarter  (5)  inch  diameter 
holes,  and  two  (2)  parts  passing  a  screen  having  one-quarter  (5)  inch  diameter  holes 
and  retained  on  a  screen  having  fifty  (50)   meshes  per  linear  inch. 

(c)  Coarse  Aggregate  for  Concrete. — Coarse  aggregate  shall  consist  of  inert 
materials,  such  as  crushed  stone  or  gravel,  graded  in  size,  retained  on  a  screen 
having  one-quarter  (5)  inch  diameter  holes,  and  the  maximum  size  shall  be  such 
as  to  pass  a  one  and  one-quarter  (ij)  inch  ring. 

(d)  Natural  Mixed  Aggregates. — Natural  mixed  aggregates  shall  not  be  used 
as  they  come  from  the  deposit,  but  shall  be  screened  and  remixed  to  agree  with 
the  proportions  specified. 
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3.  Water  shall  be  clean,  free  from  oil,  acid,  alkali,  or  vegetable  matter. 

4.  If  artificial  colouring  material  is  required,  only  mineral  colours  shall  be  used. 

5.  The  reinforcement  shall  meet  the  requirements  of  the  Standard  Specifications 
lor  Steel  Reinforcement  adopted  March  i6th,  1910,  by  the  American  Railway  En- 
i^ineering  Association. 

Construction. 

6.  For)ns. — The  forms  shall  be  substantial,  unyielding  and  so  constructed  that 
the  concrete  will  conform  to  the  designed  dimensions  and  contours  and  shall  also  be 
tight  to  prevent  the  leakage  of  mortar.  The  supports  for  floors  shall  not  be  removed 
in  less  than  ten  (10)  davs  after  the  concrete  is  placed,  and  then  only  with  the  consent 
of  the  engineer  in  charge. 

7.  ReinforccDicut. — The  reinforcement  shall  be  free  from  rust,  scale  or  coatings 
of  anv  character  which  will  tend  to  reduce  or  destroy  the  bond,  and  shall  be  placed  and 
held  in  position  so  that  it  will  not  become  disarranged  during  the  depositing  of  the 
concrete.  Whenever  it  is  necessarv  to  splice  tension  reinforcement,  the  character  of 
the  splice  shall  be  such  as  will  develop  its  full  strength.  Splices  at  the  point  of 
maximum  stress  shall  be  avoided. 

Measuring  and  Mixing. 

8.  Mcasuri}ig. — The  method  of  measuring  the  materials  for  the  concrete,  includ- 
ing water,  shall  be  one  which  will  insure  separate,  uniform  proportions  at  all  times. 
A  bag  of  Portland  cement  (941b.  net)  shall  be  considered  one  (i)  cubic  foot. 

9.  Mixing. — The  ingredients  of  the  concrete  or  mortar  shall  be  thoroughly  mixed 
dry,  sufficient  water  added  to  obtain  the  desired  consistency  and  the  mixing  continued 
until  the  materials  are  uniformly  distributed  and  the  mass  is  uniform  in  colour  and 
homogeneous. 

(a)  Machine  Mixing. — \\'hen  the  conditions  will  permit,  a  machine  mixer  of  a 
type  which  insures  the  uniform  proportioning  of  the  materials  throughout  the  mass, 
shall  be  used. 

(b)  Hand  Mixi)ig. — \\'hen  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  on 
a  water-tight  platform  and  the  materials  shall  be  turned  until  the  mass  is  uniform  in 
colour  and  homogenous. 

10.  Rctempering — that  is,  remixing  mortar  or  concrete  that  has  partiallv  hardened 
with   additional   water — will   not   be  .permitted. 

T»vo-Course  Floors. 

11.  Proportio}is. — The  concrete  shall  be  mixed  in  the  proportion  by  volume  of 
one  (i)  part  Portland  cement,  two  (2)  parts  fine  aggregate,  and  four  (4)  parts  coarse 
aggregate. 

12.  Consistency. — The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete 
of  a  consistency  that  will  flow  into  the  forms  and  about  the  reinforcement,  but  which 
can  be  conveyed  from  the  mixer  to  the  forms  without  the  separation  of  the  coarse 
aggregate  from   the  mortar 

13.  Placing. — When  it  is  necessary  to  make  a  joint  in  a  floor  slab,  its  location 
shall  be  designated  by  the  engmeer.  The  concrete  shall  be  placed  in  a  manner  to 
insure  a  smooth  ceiling,  and  thoroughly  worked  around  the  reinforcement  and  into 
the  recesses  of  the  forms.  It  shall  be  brought  to  a  surface  at  least  one  (i)  inch  below 
the  finished  surface  of  the  floor  and  as  soon  as  the  slab  has  hardened  sufficiently  to 
permit  of  workmen  being  upon  it,  and  before  it  has  dried  out,  the  wearing  course  shall 
be  applied.  Workmen  shall  not  be  permitted  to  walk  on  freshly  laid  concrete,  and  if 
sand  or  dust  collects  on  the  base,  it  shall  be  carefully  removed  before  the  wearing  course 
is  applied. 
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14.  Proportions. — The  mortar  shall  be  mixed  in  tho  manner  hereinbefore  specified 
in  the  proportion  of  one  (i)  part  Portland  cement  and  not  more  than  two  (2)  parts 
aggregate  for  wearing  course. 

15.  Consistency. — The  mortar  shall  be  of  a  consistency  that  water  will  t1ush  to  the 
surface  only  under  heavy,  thorough  working  with  a  wood  float. 

16.  Thickness. — The  wearing  course  of  the  floor  shall  have  a  minimum  thickness 
of  one  (i)  inch. 

17.  Placi)ig. — The  wearing  course  shall  be  placed  immediately  after  mi.xing. 

18.  Fi)iishing. — After  the  wearing  course  has  been  brought  to  the  established 
grade,  it  shall  be  worked  with  a  wood  float  in  a  manner  which  will  thoroughly  com- 
pact it.  When  required,  the  surface  shall  be  trowelled  smooth,  but  excessive  working 
with  a  steel  trowel  shall  be  avoided.  If  excessive  moisture  occurs  on  the  surface,  it 
must  be  taken  up  with  a  rag  or  mop,  and  in  no  case  shall  dry  cement  or  a  mixture 
of  dry  cement  and  sand  be  used  to  absorb  this  moisture  or  to  hasten  the  hardening. 

19.  Colouring. — If  artificial  colouring  is  used,  it  must  be  incorporated  with  the 
entire  wearing  course  and  shall  be  mixed  dry  with  the  cement  and  aggregate  until  the 
mixture  is  of  uniform  colour.  In  no  case  shall  the  amount  of  colouring  exceed  five  (5) 
per  cent,  of  the  weight  of  the  cement. 

Wearing  Surface  on  Hardened  Slabs. 

The  general  requirements  of  the  specifications  covering  tw^o  course  work  will 
apply  to  Wearing  Surface  on  Hardened  Slabs  with  the  following  exceptions  : 

20.  All  dirt  and  debris  shall  be  removed  from  the  surface  of  the  slab  and  the 
surface  roughened  in  a  manner  that  will  expose  the  freshly  broken  face  of  the  coarse 
aggregate.  The  floor  shall  be  thoroughly  scrubbed  with  a  warm  soap,  lye,  or  acid 
solution,  and  rinsed  with  clear  water,  preferably  under  pressure.  All  water  used  to 
clean  the  slab  shall  be  taken  up  with  a  rag  or  niop  or  otherwise  disposed  of. 

21.  Treatment  of  Slab. — The  slab  shall  be  thoroughlv  wet  at  the  time  the  wearing 
course  is  placed.  The  surface  of  the  slab  shall  be  carefully  treated  with  a  neat  cement 
grout  brushed  on,  or  with  such  a  preparation  as  the  engineer  may  direct. 

22.  Consistency. — The  mortar  for  the  lower  one-quarter  (5)  inch  shall  be  of  such 
a  consistency  that  it  can  be  easilj^  spread  with  a  straight  edge.  The  mortar  for  the 
remainder  of  the  wearing  surface  shall  be  of  the  consistency  specified  for  wearing 
surface. 

23.  Placing. — The  wearing  surface  shall  be  placed  in  two  operations.  Upon  the 
freshly  placed  cement  grout,  a  one-quarter  (5)  inch  layer  of  mortar  of  the  consistency 
specified  shall  be  placed  and  thoroughly  worked  into  the  irregularities  of  the  surface 
of  the  slab,  and  immediately  followed  with  sufficient  mortar  of  the  consistency  specified 
for  wearing  course  to  bring  the  floor  to  the  established  grade. 

Protection. 

24.  Treatment. — When  completed,  the  floor  shall  be  covered  with  at  least  two  (2) 
inches  of  wet  sand  or  sawdust  which  shall  be  kept  moist  for  four  (4)  days,  and  no  one 
shall  be  allowed  on  the  floor  during  that  time. 

25.  Temperature  hehnv  35°  F. — If  at  any  time  during  the  progress  of  the  work 
the  temperature  is,  or  in  the  opinion  of  the  engineer  will  within  twenty-four  (24)  hours 
drop  to  35  degrees  Fahrenheit,  the  w^ater  and  aggregate  shall  be  heated  and  precautions 
taken  to  protect  the  work  from  freezing  for  at  least  five  days.  In  no  case  shall 
concrete  be  deposited  upon  a  frozen  base. 
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PROPOSED  REVISED  STANDARD  SPECIFICATIONS  FOR  CONCRETE 

ROADS  AND  STREET  PAVEMENTS. 

Materials. 

Paragraphs  i  to  6,  giving  specifications  of  cement  and  aggregates,  are  the  the  same  as 
in  the  specification  for  reinforced  concrete  floors  (page  682). 

7.  Joint  Filler. — The  expansion  joint  filler  shall  be  a  suitable  elastic  waterproof 
compound  that  will  not  become  soft  and  run  out  in  hot  weather,  nor  hard  and  brittle 
and  chip  out  in  cold  weather. 

Sub=Grade.* 

8.  Section. — The  sub-grade  shall  have  a  rise  at  the  centre  of  not  more  than  one- 
hundredth  (i/ioo)  the  width  of  the  pavement. 

9.  Depth.* — (a)  The  sub-grade  shall  not  be  less  than  twelve  (12)  inches  below  the 
finished  surface  of  the  pavement. 

(b)  The  sub-grade  shall  not  be  less  than  six  (6)  inches  below  the  finished  surface 
of  the  pavement. 

10.  Preparation. — All  soft  and  spongy  places  shall  be  removed  and  all  depressions 
filled  with  suitable  material  which  shall  be  thoroughly  compacted  in  lavers  not  exceed- 
ing six  (6)  inches  in  thickness. 

11.  Deep  Fills. — When  a  fill  exceeding  one  (i)  foot  in  thickness  is  required  to 
bring  the  pavement  to  grade,  it  shall  be  made  in  a  manner  satisfactory  to  the 
engineer. 

12.  Drainage. — When  required,  a  suitable  drainage  system  shall  be  installed  and 
connected  with  sewers  or  other  drains  indicated  by  the  engineer. 

Sub^Base. 

13.  Thickness. — On  the  sub-grade  shall  be  spread  a  material  as  hereinbefore  speci- 
fied, which  shall  be  thoroughly  rolled  and  tamped  to  a  surface  at  least  six  (6)  inches 
below  the  finished  grade  of  the  pavement. 

14.  Wetting. — While  compacting  the  sub-base,  the  material  shall  be  kept  thoroughly 
wet  and  shall  be  in  that  condition  when  the  concrete  is  deposited. 

Forms. 

15.  Materials. — Forms  shall  be  free  from  warp  and  of  sufficient  strength  to  resist 
springing  out  of  shape. 

16.  Setting. — The  forms  shall  be  well  staked  or  otherwise  held  to  the  established 
lines  and  grades  and  their  upper  edges  shall  conform  to  the  established  grade  of  the 
pavement. 

17.  Treatment. — All  wood  forms  shall  be  thoroughly  wetted  and  metal  forms  oiled 
before  depositing  any  material  against  them.  All  mortar  and  dirt  shall  be  removed 
from  forms  that  have  been  previously  used. 

Expansion  Joints. 

18.  Width  and  Location. — One-half  {\)  inch  expansion  joints  shall  be  placed  across 
the  street  or  road  not  more  than  twenty-five  (25)  feet  apart,  perpendicular  to  the  centre 
line.  When  a  curb  or  combination  curb  and  gutter  is  used,  a  similar  joint  shall  be 
placed  betweeen  it  and  the  pavement.  All  expansion  joints  shall  extend  through  the 
entire  thickness  of  the  pavement. 

19.  Protection  of  Edges. — \yhere  required  by  the  engineer  in  charge,  the  expan- 
sion joints  shall  be  protected  with  metal.  Unless  protected  by  metal,  the  upper  edges 
of  the  concrete  shall  be  rounded  to  a  radius  of  one-half  (^)  inch. 

Measuring  and   Mixing. 
The  same  requirements  are  laid  down  as  in  the  specification  for  reinforced  concrete 
floors  (page  683). 

*  Note.— When  a  sub-base  is  required,  eliminate  parafiraph  9  -(b).'    When  a  sub-base  is  not  required,  eliminate 
paragraphs  3  and  9  (a).     Unless  paras^raph  9  (a)  is  eliminated,  9  (6).is.void. 

68c 


PROPOSED   STANDARD  SPECIFICATIONS  ICQNQ3ETE] 

T'wo-Course  Pavement — Base. 

23.  Proporiiotis. — The  concrete  shall  be  mixed  in  the  proportion  by  volume  of  one 
(i)  part  Portland  cement,  two  and  one-half  (li.)  parts  fine  af^gretjate,  and  five  (5)  parts 
roarse  aggregate. 

24.  Consistency. — The  materials  shall  be  mixed  wet  enough  to  prcxiuce  a  concrete 
of  a  consistency  that  will  flush  readily  under  slight  tamping,  Inil  which  can  Ix-  handled 
without  causing  a  separation  of  the  coarse  aggregate  from  the  mortar. 

25.  Placing. — After  mixing,  the  concrete  shall  be  handled  rapidly  and  the  succes- 
sive batches  deposited  in  a  continuous  operation  completing  individual  sections.  Under 
no  circumstances  shall  concrete  be  used  that  has  partially  hardened.  The  concrete 
shall  be  well  tamped  to  a  surface  the  thickness  of  the  wearing  course  below  the  estab- 
lished grade  of  the  pavement.  Workmen  shall  not  be  permitted  to  walk  on  the  freshly 
laid  concrete,  and  if  sand  or  dust  collects  on  the  base,  it  shall  be  carefully  rt-movcd 
before  the  wearing  course  is  applied. 

26.  On  streets  more  than  twenty-five  (25)  feet  wide  not  having  car  tracks,  the 
pavement  shall  be  reinforced  with  wire  fabric  or  with  plain  or  deformed  bars.  The 
cross  sectional  area  of  metal  shall  amount  to  at  least  o'04i  sq.  in.  per  foot  measured 
parallel  to  the  axis  of  the  street  and  at  least  0*025  sq.  in.  per  foot  measured  perpendicu- 
lar to  the  axis  of  the  street.  The  reinforcement  shall  be  placed  upon  and  slightly 
pressed  into  the  concrete  base  immediately  after  the  base  is  placed.  Reinforcement 
shall  not  cross  expansion  joints  and  shall  be  lapped  sufficiently  to  develop  the  strength 
of  the  metal. 

Wearing  Course. 

27.  Proporiio)is. — The  mortar  shall  be  mixed  in  the  manner  hereinbefore  specified 
in  the  proportion  by  volume  of  one  (i)  part  Portland  cement  and  not  more  than  two 
(2)  parts  aggregate  for  wearing  course. 

28.  Consistency. — The  mortar  shall  be  of  a  consistency  that  will  not  require  tamp- 
ing, but  which  can  be  easily  spread  into  position. 

29.  Thickness. — The  wearing  course  of  the  pavement  in  residence  districts  shall 
have  a  minimum  thickness  of  one  and  one-half  (li)  inches  and  in  business  districts  a 
minimum  of  two  (2)  inches. 

30.  PIaci)}g. — The  wearing  course  shall  be  placed  immediately  after  mixing,  and 
in  no  case  shall  more  than  fifty  (50)  minutes  elapse  between  the  time  the  concrete  for 
the  base  is  mixed  and  the  time  the  wearing  course  is  placed. 

31.  Fi}nshing. — .After  the  wearing  course  has  been  brought  to  the  established  grade, 
it  shall  be  worked  with  a  wood  float  in  a  manner  that  will  thoroughly  compact  it. 
Before  the  w^earing  course  has  completely  hardened,  it  shall  be  roughened  by  brushing 
with  a  stiff  vegetable  fibre  brush  or  broom.  On  grades  of  over  five  per  cent.  (5  %  ))  the 
surface  shall  be  corrugated  if  directed  by  the  engineer. 

32.  If  artificial  colouring  is  used,  it  must  be  incorporated  with  the  entire  wearing 
course  and  shall  be  mixed  dry  with  the  cement  and  aggregate  until  the  mixture  is  of 
uniform  colour.  In  no  case  shall  the  amount  of  colouring  used  exceed  five  (5)  per  cent. 
of  the  weight  of  the  cement. 

One-Course   Pavement. 
The  general  requirements  of  the  specifications  covering  two  course  work  will  apply 
to  one  course  work  with  the  following  exceptions  : — 

33.  Proportions. — The  concrete  shall  be  mixed  in  the  proportion  by  volume  of  one 
(i)  part  Portland  cement  to  one  and  one-half  (15)  parts  fine  aggregate  (Paragraph  2(i) 
or  aggregate  for  wearing  course  (Paragraph  ih)  and  three  (3)  parts  coarse  aggregate 
passing  a  one  (i)  inch  ring. 

34.  Placing  and  Finishing. — The  concrete  shall  be  placed  as  provided  for  under 
Two-Course   Pavement,  tamped  and  struck  off  to  grade.     The  coarse  particles  shall 
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then  be  forced  to  a  depth  below  the  surface  which  will  permit  of  linibhing  as  specified 
under  Two-Course  Pavement. 

35.  Reinforcemeni. — When  a  one-course  pavement  is  to  be  reinforced,  the  metal 
shall  be  placed  two  (2)  inches  from  the  upper  surface  of  the  pavement.  The  minimum 
amount  of  metal  shall  be  as  specified  under  Two  Course  Pavement. 

Wearing  Surface  of  Bitumen  and    Sand. 

36.  Proportions. — When  a  wearing  surface  of  bitumen  and  sand  is  used,  it  shall  be 
placed   upon   a   one-course   pavement   constructed   as   hereinbefore   specified. 

37.  Bitumen. — The  bitumen  shall  be  of  a  quality  specified  bv  the  engineer. 

38.  Placing. — After  the  concrete  base  has  hardened  for  at  least  seven  (7)  davs,  the 
clean,  dry  surface  of  the  pavement  shall  be  covered  with  hot  bitumen  applied  with  a 
sprinkling  wagon  designed  for  the  purpose,  or  with  suitable  hand  sprinkling  cans. 
The  hot  bitumen  shall  be  evenly  distributed  over  the  concrete  by  brushing  with  suitable 
brooms  immediately  after  applying,  and  then  covered  with  the  fine  aggregate.  (Para- 
graph 2b.) 

39.  Amount  of  Bitumen  and  Sand. — Between  one-third  (^)  and  one-half  (|)  gallon 
of  bitumen  shall  be  applied  per  square  yard  of  pavement.  Approximately  one  (i) 
cubic  yard  of  fine  aggregate  shall  be  applied  per  one  hundred  and  fiftv  (150)  square 
yards  of  pavement. 

40.  Expansion  Joints. — Before  applying  the  wearing  surface  of  bitumen  and  sand, 
all  expansion  joints  in  the  pavement  shall  be  filled  as  hereinbefore  specified.  Where 
a  wearing  surface  of  bitumen  and  sand  is  used,  the  edge  of  the  expansion  joint  need 
not  be  protected  with   metal. 

Cro'wn. 

41.  A))wu)it. — .\11  types  of  concrete  pavement  shall  be  given  a  rise  or  crown  at  the 
centre  of  at  least  one  one-hundredth  (i/ioo)  but  of  not  more  than  one  seventy-fifth 
(1/75)  of  the  w^idth  of  the  pavement.  A  portion  of  this  crown  mav  be  obtained  by 
increasing  the  thickness  of  the  pavement  at  the  centre  rather  than  by  laying  a  pavement 
of  uniform  thickness  on  a  crowned  sub-grade  or  sub-base. 

Protection. 

42.  Treatment. — When  completed,  the  work  shall  be  kept  moist  and  protected  from 
the  elements  for  at  least  three  (3)  days,  and  the  pavement  shall  not  be  open  to  traffic 
until  the  engineer  so  directs. 

43.  Temperature  beloiv  35°  F.—U  at  any  time  during  the  progress  of  the  work  the 
temperature  is,  or  in  the  opinion  of  the  engineer  will,  within  twentv-four  hours,  drop  to 
thirty-five  (35)  degrees  Fahrenheit,  the  water  and  aggregates  shall  be  heated  and  pre- 
cautions taken  to  protect  the  work  from  freezing  for  at  least  five  (5)  days.  In  no  case 
shall  concrete  be  deposited  upon  a  frozen  sub-grade  or  sub-base. 


PROPOSED  RECOMMENDED  PRACTICE  FOR  PLAIN  CONCRETE  DRAIN  TILE. 

Materials. 

The  same  requirements  as  laid  down  for  the  cement  and  aggregates  as  in  the 
specification   for  reinforced  concrete   floors  (page  682). 

Proportions. 

The  proportions  of  cement  to  aggregate  shall  be  such  as  to  require  at  least  the 
minimum  amount  of  cement  to  produce  strength  and  densitv  as  hereinafter  specified. 
The  proportions  of  the  various  sizes  of  aggregates  and  cement  to  aggregates  shall  pre- 
ferably be  made  by  weight.  If  by  volume,  a  bag  of  Portland  cement  shall  be  con- 
sidered I  cubic  foot. 
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Methods  of  measuremeTit  of  the  proportions  of  the  various  inj^redients  shall  be  used 
which  will  secure  uniform  measurements  at  all  times. 

Mixing. 

The  ingredients  of  concrete  shall  be  thorouj^hly  mixed  dry,  sufficient  water  added 
to  obtain  the  desired  consistency,  and  the  mixing  shall  continue  until  the  cement  is 
uniformly  distributed  and  the  mass  is  uniform  in  colour  and  homogc^neous.  The 
mixing  shall  preferably  be  done  with  a  machine  mixer  of  a  type  which  insures  the 
proper  mixing  of  the  materials  throughout  the  mass. 

(a)  Semi-zvet  Process. — The  consistency  of  the  concrete  shall  be  such  as  to  show 
web-like  markings  on  the  surface  of  the  tile  when  the  forms  are  removed. 

{b)  Wet  Process. — The  consistency  of  the  concrete  shall  be  such  that  it  will  be  forced 
into  every  part  of  the  mould  by  jarring  or  tapping. 

Retempering  or  using  mortar  or  concrete  40  minutes  after  being  mixed  shall  not 
be  permitted. 

Curing. 

Natural  Curing.— The  tile  shall  be  protected  from  the  sun  and  strong  currents  of 
air  for  a  period  of  at  least  seven  days.  During  this  period  they  shall  be  sprinkled  at 
such  intervals  as  is  necessary  to  prevent  drying,  and  maintained  at  a  temperature  of  not 
less  than  50°  F.  Such  other  precautions  shall  be  taken  as  to  enable  the  hardening  to 
take  place  under  the  most  favourable  conditions.  After  seven  days,  the  tile  may  be 
removed  to  the  yard,  but  in  no  case  used  hefore  they  are  28  days  old. 

Steam  Curing. — The  tile  shall  be  removed  from  the  moulds  as  soon  as  conditions 
will  permit  and  shall  be  placed  in  an  atmosphere  of  steam  saturated  with  moisture  for  a 
period  of  at  least  forty-eight  hours.  The  tile  shall  then  be  removed  and  stored  for  at 
least  eight  days.  The  steam-curing  chamber  shall  contain  an  atmosphere  saturated 
with  moisture  and  maintained  at  a  temperature  between  100°  and  130°  F.  (This  does 
not  apply  to  pressure  steam  curing.) 

Dimensions. 

(a)  Diameter. — The  diameter  or  size  of  the  tile  shall  refer  to  the  inside  diameter  and 
be  uniform  in  all  directions. 

(b)  Thickness. — From  4  to  and  including  22  in.  in  diameter,  the  wall  thickness 
shall  not  be  less  than  one-twelfth  of  the  diameter.  Tile  above  22in.  in  diameter  shall 
have  a  wall  thickness  of  not  less  than  one-tenth  of  the  diameter. 

(c)  Length. — The  length  of  the  tile  shall  be  uniform  at  all  points,  and  preferably 
not  less  than  the  diameter,  with  a  minimum  of  12  in. 


PROPOSED  STANDARD  SPECIFICATIONS  FOR  CONCRETE  ARCHITECTURAL 
STONE.  BUILDING  BLOCKS  AND  BRICK. 

I.    Test  Reauiretnents. 

1.  Concrete  architectural  stone,  building  blocks  and  brick  must  be  subjected  to 
compression  and  absorption  tests.  The  test  samples  must  represent  the  ordinary  com- 
mercial product  of  the  regular  size  and  shape  used  in  construction. 

2.  Compression. — (a)  Solid  concrete,  stone,  block,  and  brick. — In  the  case  of  solid 
concrete,  stone,  block,  and  brick  the  ultimate  compressive  strength  at  28  days  must 
average  1,500  lb.  per  sq.  in.  of  gross  cross-sectional  area  of  the  stone  as  used  in  the 
wall,  and  must  not  fall  below  1,050  lb.  per  sq.  in.  in  any  case. 

(b)  Hollow  and  two-piece  building  blocks. — The  ultimate  compressive  strength  of 
hollow  and  two-piece  building  blocks  at  28  days  must  average  1,000  lb.  per  sq.  in.  of 
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gross  cross-sectional  area  of  the  block  as  used  in  the  wall,  and  must  not  fall  below  700 
lb.  per  sq.  in.  in  any  case. 

(c)  Area  of  hollow  blocks. — In  the  case  of  hollow  building  blocks  the  gross  cross- 
sectional  area  shall  be  considered  as  the  actual  wall  area,  including  the  block  and  air 
space  displaced  by  the  block. 

(d)  Area  of  two-piece  blocks. — In  the  case  of  two-piece  blocks  the  blocks  shall  be 
tested  in  pairs  consisting  of  the  front  and  rear  blocks  as  used  in  the  wall.  The  com- 
pressive strength  shall  be  regarded  as  the  sum  total  sustained  by  the  two  blocks 
divided  by  the  product  of  the  length  of  the  blocks  and  the  width  of  the  wall. 

3.  Absorption. — The  percentage  of  absorption  at  28  days  (being  the  weight  of  the 
water  absorbed,  divided  by  the  weight  of  the  dry  sample)  must  not  exceed  five  (5)  per 
cent,  when  tested,  as  hereinafter  specified. 

II. — Standard  Methods  of  Testing. 

4.  General. — {a)  Laboratory. — All  tests  required  for  approval  shall  be  made  in 
some   laboratory  of  recognised   standing.   - 

{b)  Samples. — For  the  purpose  of  the  tests  at  least  nine  samples  or  test  pieces 
m.ust  be  provided.  Such  samples  must  represent  the  ordinary  commercial  product,  and 
shall  be  selected  from  stock.  In  cases  where  the  material  is  made  and  used  in  special 
shapes  or  forms  too  large  for  testing  in  the  ordinar\"  machines,  smaller  size  specimens 
shall  be  used  as  may  be  directed. 

(c)  Tests. — Tests  shall  be  made  in  a  series  of  at  least  three.  The  remaining 
samples  are  kept  in  reserve  in  case  duplicate  or  confirmatory  tests  be  required.  All 
samples  must  be  marked  for  identification  and  comparison. 

5.  Coniprcssio)!    Tests. — The  compression   tests   shall  be   made  as   follows  : 

(a)  Solid  concrete  stone,  block,  and  brick. — When  testing  solid  concrete  stone, 
block,  and  brick,  the  net  area  shall  be  considered  as  the  minimum  area  in  compres- 
sion. 

(b)  Holloiv  and  two-piece  building  blocks. — Whenever  possible  such  tests  shall 
be  made  on  full  sized  biiK-ks.  When  such  tests  must  be  made  on  portions  of  blocks, 
both  pieces  of  the  block  must  be  tested  and  both  must  contain  at  least  one  full  web 
section.  The  samples  must  be  carefully  measured,  then  bedded  flatwise  in  plaster  of 
Paris  to  secure  uniform  bearing  in  the  testing  machine  and  crushed. 

The  net  area  shall  be  regarded  as  the  smallest  bearing  area  of  the  piece  being 
tested.  The  total  compressive  strength  shall  be  divided  by  the  net  area  to  obtain  the 
compressive  strength  in  lb.  per  sq.  in.  of  net  area  of  each  piece.  The  sum  of  the  two 
results  shall  then  be  averaged  to  obtain  the  average  strength  in  lb.  ])er  sq.  in.  of  the 
net  area  of  the  total  block. 

The  entire  block  shall  be  carefully  measured  to  determine  the  maximum  air  space 
prior  to  breaking  the  block  for  the  compressing  tests,  and  the  net  compressive  strength 
obtained  shall  then  be  reduced  to  compressive  strength  in  lb.  per  sq.  in.  of  gross  area, 
this  being  figured  from  the  actual  air  space  of  the  bloLk  determined  above. 

6.  Absorption  7'cs^s.--The  sample  is  first  thoroughly  dried  to  a  constant  weight  at 
not  to  exceed  212°  F.  and  the  weight  carefullv  recorded.  When  dried,  the  sample  is  to 
be  immersed  in  a  pan  or  tray  of, water  to  a  depth  of  2  in.  resting  on  two  strips  not 
over  I  in.  in  width  to  allow  the  water  to  have  free  access  to  face.  .\t  the  end  of  48 
hours  from  the  time  it  is  placed  in  water,  the  sample  shall  be  removed,  the  surface 
water  wiped  off,  and  the  sample  carefully  weighed. 
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USE    AND     ABUSE     OF 
CONCRETE   MACHINERY. 


Wiih  the  increasing  use  of  machinery  on  ■works  "where  concrete  is  being  employed,  it 
behoves  contractors  to  be  more  careful  in  the  selection  of  engine  drivers  and  mechanics  than 
heretofore,  if  the  fall  efficiency  of  modern  plant  ts  to  be  obtained.  Repairs  require  intelligent 
handling.  The  folloiving  instance  of  fi.ults  found  in  concrete  machinery,  on  actual  fobs,  is 
taken  from  "  The  Cement  Age  ' '  of  U.S.A.— ED, 


In  a  pulverising  machine  one  of  the  main  shafts  was  unable  to  perform  its  mission 
due  to  the  wearing  away  of  the  broken  cap  of  a  box.  Fig.  i  shows  how  the  box  was 
fixed.  A  piece  of  sheet  metal  J  in.  was  procured  and  shaped  to  lit  o\-er  the  form  of 
the  box  cap.  Holes  were  drilled  through  the  metal  and  the  cast-iron  cap  and  rivets 
were  headed  up  in  these  holes,  thus  holding  the  part  together  quite  securely.  One 
of  the  adjusting  set  screws  of  the  cap  was  utilised  to  assist  in  holding  down  the  wrought- 
iron  form  on  the  cap.  Apparently'  this  was  a  suitable  job,  but  the  defective  cap 
metal  was  forced  irregularly  down  upon  the  shaft.  This  resulted  in  heating  and  bind- 
ing.    The  machine  ran  hard.     Tlic  workmen  complained.     Finally,  a  new  complete 


box  and  cap  were  substituted,  after  which  no  more  trouble  was  experienced.  This 
case  is  referred  to  because  it  often  happens  that  a  very  high  standard  concrete-working 
machine  is  ill-treated  in  this  manner,  and  the  machine  gets  the  blame  for  non-effective 
service. 
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In  a  dryer  which  was  in  use  in  a  certain  concrete  works  the  boiler  plate  was  bulged 
as  at  B,  Fig.  2.  An  examination  revealed  that  this  swelling  was  not  due  to  a  defective 
plate  in  the  boiler,  but  to  the  fact  that  the  attendant  had  permitted  scale  to  gather 
inside.  This  scale  prevented  the  water  from  properly  contacting  with  the  plate. 
Hence  the  cooling  influence  was  gone.  The  intensity  of  the  heat  striking  continuously 
upon  the  plate  made  the  plate  bulge.  In  order  to  remedy  this  defect  it  was  necessary 
to  cut  out  the  bulged  plate.  Then  a  new  plate  was  riveted  in.  To  prevent  repetition 
of  this  kind  of  swelling  of  the  plate,  directions  were  given  to  clean  the  scale  from  the 
interior  of  the  boiler  often  enough  to  insure  effective  removal  of  the  corrosive  matter. 

A  hopper,  Fig.  3,  was  giving  poor  work  in  a  plant.  It  was  found  that  the  hopper 
itself  was  all  right,  although  the  workman  said  that  there  was  something  wrong 
with  it.  The  workman  had  nailed  up  a  piece  of  stick,  C,  in  order  to  make  the  belt 
keep  in  place  on  the  wheel.  This  is  a  most  defective  way  of  making  a  belt  keep  its 
course.  The  stick  had  to  be  removed,  and  by  correct  alignment  of  the  shafting  the 
belt  made  to  run  true  on  the  wheels.  Furthermore,  instead  of  nailing  up  a  wooden  stick 
for  a  guide,  a  regular  prong  shipper  was  put  on  for  shifting  the  belt. 

An  engine  in  use  in  a  cement  works  was  having  quite  a  hard  time.  The  usual 
kick  about  the  engine  was  made  by  the  engineer.  Upon  investigation  it  was  seen 
that  the  crank  arm  had  been  broken  at  some  time,  and  had  been  patched  with  side 
pieces  of  metal  as  at  D,  Fig.  4.  This  resulted  in  a  very  unsteady  motion  of  the  engine. 
A  new  crank  arm  was  sent  for  and  put  on. 

A  choked  measurer  feed  was  found  in  use  in  a  cement  works,  and  the  parties 
engaged  at  the  work  claimed  that  the  machine  was  no  good.  An  examination  brought 
out  the  fact  that  a  leak  had  occurred  at  some  time  in.  the  feed-pipe,  and  in  fixing  a 
patch  over  the  leak,  as  at  E,  Fig.  5,  the  loose  metal  of  the  edges  of  the  pipe  were  turned 
inward  and  clogged  the  passage.  The  entire  patch  was  removed  and  the  upturned 
edges  hammered  smooth.  Then  the  patch  was  replaced,  and  the  passage  was  made 
free. 

A  coupling  of  a  cement-working  machine  was  found  with  a  series  of  keys  driven  as 
at  F,  Fig.  6.  These  keys  made  the  hub  of  the  coupling  tip  upward.  The  alignment 
of  the  shaft  was  thrown  out  as  a  result.  In  order  to  properly  fix  this  coupling  the  keys 
were  driven  out,  and  a  new  coupling  with  proper  sized  bore  was  put  on.  Then  in 
another  cement-working  machine  the  flanges  of  a  coupling  were  just  barely  holding 
together  with  the  bolts  partly  loose,  as  at  Fig.  6.  The  bolts  were  removed,  the  coupling 
reset,  and  then  new  bolts  with  nuts  properly  attached  were  inserted.  One  case 
of  imperfect  work  in  a  good  cement  machine  due  to  the  working  loose  of  a  threaded 
shaft  and  union  of  the  design  shown  in  the  sectional  drawing  at  H,  Fig.  7.  The 
threaded  shaft  was  reinserted,  and  then,  to  hold  the  same  from  turning  out  as  before 
a  pin  was  put  through  a  hole  drilled  straight  through  the  exterior  hub  and  the  shaft. 
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RECENT  VIEWS  ON 
i  CONCRETE  AND  REIN. 
1  FORCED       CONCRETE. 

Sv  RECENT  PAPERS  &  DISCUSSIONS. 


//  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  a'vailable  for  reference  purposes. 

The  method ive  are  adopting,  of  dividing  the  subjects  into  sections,  is,  •we  believe,  a 
neix)  departure. — ED. 

BRITISH  ASSOCIATION  OF  MANAGERS  OF  TEXTILE   WORKS. 

MODERN  MILL  CONSTRUCTION. 

Paper  by  MR.  F.  MOORE. 

Bcloiv  zi<e  give  an  extract  from  a  paper  read  by  Mr.  f.  Moore  {of  Messrs.  Moore  and 
Crabtrce,  Architects,  Keighley)  before  the  Yorkshire  section  of  the  British  Association 
of  Managers  of  Textile   Works,  at  a  meeting  held  at  the  Bradford  Technical  College. 

After  remarking  that  a  large  number  of  the  structures  used  in  the  Bradford  trade 
were  of  considerable  antiquity,  and  that  any  further  extension  of  the  wool  industry 
would  have  to  be  provided  for  by  the  erection  of  new  structures  capable  of  bearing  the 
strain  of  vibration  of  the  powerful  modern  machinery,  the  lecturer  discussed  the  kind 
of  structure  which  would  be  necessary. 

The  development,  he  said,  in  the  manufacture  of  constructive  steel,  and  its  use  in 
place  of  cast  iron  and  timber  for  flooring  beams  and  pillars,  had  made  it  structurally 
possible  to  cover  larger  areas  free  from  obstruction  by  pillars ;  and  the  development  of 
concrete  reinforced  by  steel  in  a  variety  of  forms  had  of  recent  years  made  rapid 
strides,  and  it  had  now  practically  superseded  wood  for  the  construction  of  all  floors 
above  the  basement;  the  cost  of  the  former  being  to-dav  not  more  than  20  per  cent, 
over  that  of  the  latter. 

When  it  was  first  introduced  into  this  country,  some  twelve  or  fifteen  years  ago, 
its  cost  was  almost  double  that  of  wood;  but  the  improvement  and  cheapening  of  the 
cost  of  constructive  steel  work,  with  an  increased  knowledge  of  its  application  in 
positions  where  its  great  tensile  strength  are  brought  into  full  play,  together  with 
improvements  that  at  the  same  time  have  been  made  in  the  manufacture  of  cement, 
had  all  tended  to  lower  the  cost  of  reinforced  concrete  considerably ;  while  during  the 
same  period  timber  had  (alone  among  the  materials  used  in  building)  considerably 
increased  in  price,  so  that  to-day  strength  for  strength  there  was  onlv  about  the 
percentage  of  difference  above  mentioned. 

Wooden  floors  in  a  worsted  mill  in  the  course  of  years  get  saturated  with  oil, 
greatly  increasing  the  fire  risk ;  and  when  it  was  discovered  that  the  behaviour  of 
cement  concrete  and  steel  in  the  matter  of  expansion  and  contraction  under  heat  and 
cold  were  identical,  an  extensive  field  for  its  use  was  opened  out  for  fireproofing 
purposes  alone.  While  the  cost  was  much  greater  than  wood,  however,  the  action 
of  the  insurance  companies  in  declining  to  fully  recognise  their  lessened  risk  bv  a 
corresponding  reduction  in  the  premiums,  prevented  its  being  used  to  the  extent  it 
would  otherwise  have  been.  To-day,  however,  they  did  so,  and  speaking  broadly  they 
quote  rates  which  show  a  reduction  of  from  20  to  40  per  cent,  in  favour  of  the  best 
fireproof  construction,  so  that  to  the  insured  it  now  offers  advantages  on  the  reduction 
of  fire  premiums. 

Another  great  advantage  to  be  obtained  was  the  greater  rigiditv  bv  which  the 
whole  of  the  upper  floors  can  be  constructed  so  as  to  withstand  if  need  be  the  shocks 
of  the  squeezing  roflers  of  washing  mai'hines,  the  dabbing  motion  of  a  comb,  or  the 
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swing  of  a  Sb-in.  coating  loom  witli  the  same  freedom  from  vibration  as  a  floor  on  tine 
solid  ground. 

An  additional  advantage,  too,  was  that  these  floors  by  being  carried  right  through 
the  outer  walls  will  bind  together  the  whole  structure  in  a  most  effective  way  and  to  a 
degree  quite  impossible  in  the  days  of  wooden  floors.  In  wool  warehouses  it  had  been 
found  that  bales  of  wool  on  wagons  (and,  in  fact,  anything  on  wheels)  run  much  more 
easily. 

Last,  but  not  least,  might  be  mentioned  immunity  from  the  decay  which  some- 
times occurred  in  timber  quite  unaccountably,  as  instanced  by  the  collapse  of  a  portion 
of  floor  at  Legrams  Mill  three  years  ago,  although  this  floor  was  strongly  constructed 
of  the  best  material  then  known. 

A  disadvantage  often  urged  against  the  use  of  concrete  floors  was  the  dust  arising 
therefrom  in  the  early  years  of  its  existence,  and  considerable  study  and  a  number  of 
experiments  have  been  tried  to  obviate  this  drawback.  We  had  found  where  it  exists 
that  two  coats  of  boiled  oil  laid  on  the  surface  was  a  considerable  benefit,  but  best  of 
all — and  this  is  an  almost  complete  prevention  of  the  dust  nuisance — was  to  have  the 
finished  surface  made  with  washed  Granite,  at  a  slight  additional  cost.  This  made  a 
beautifully  hard  floor,  almost  unwearable,  and  free  from  dust.  The  gates  and 
passages  might  with  advantage  be  boarded  on  to  coke  breeze  concrete. 

It  is  well  known  that  good  cement  concrete,  while  of  great  strength  in  compression, 
possessed  little  tensile  strength,  while  steel  possessed  great  tensile  strength,  and  that 
the  two  materials  in  combination  had  the  same  expansion  and  contraction  under  heat 
and  cold.  The  main  points  to  be  observed,  therefore,  in  the  use  of  reinforced  concrete 
floors  was  that  the  steel  reinforcement  should  be  embedded  in  its  thickness,  as  near  the 
underside  as  possible,  so  as  to  leave  it  completely  covered  and  free  from  risk  of 
corrosion,  and  the  system  which  most  effectually  answers  this  requisite  at  the  lowest 
cost  was  the  best. 

But  although  this  material  offers  such  obvious  advantages  for  use  in  the  flooring 
of  mill  buildings,  it  is  not  likely  to  supersede  the  use  of  stone  and  brick  in  this  district 
for  the  construction  of  walls. 

The  usual — and  doubtless  the  best  in  this  locality — covering  for  roofs  is  slate. 

The  extra  heat  generated  in  rooms  under  blue  slate  with  a  hot  summer  sun  had, 
however,  caused  considerable  inconvenience,  and  to  obviate  this  it  had  become  common 
to  have  such  slates  whitewashed  on  the  outside,  especiallv  in  weaving  and  combing 
sheds — not  perhaps  a  very  expensive  operation  in  itself,  but  the  cause  of  much  damage 
by  broken  slates,  etc. 

We  had,  however,  in  recent  years  successfully  overcome  this  difticultv  bv  using 
coke  breeze  concrete  slabs  under  the  slated  sides  of  saw-tooth  roofs,  the  constructive 
ironwork  being  covered  with  2-|-in.  thick  slabs  on  to  which  the  slate  was  nailed,  thus 
preserving  to  a  greater  degree  than  ever  the  old  grey  slate  and  equabilitv  in  temperature 
of  the  room  underneath. 

The  roof  lights  of  both  the  saw-tocth  or  ordinary  roofs  were  now  invariablv 
constructed  with  one  of  the  patented  systems  of  roof  glazing ;  while  the  cost  was  sllghtlv 
more  than  the  old  wood  bars  and  putty  glazing,  it  was  not  onlv  far  more  lasting,  but 
gave  more  light  and  also  saved  not  only  the  triennial  painting  that  the  latter  requires, 
but  also  the  slate  breakages  under  the  old  svstem. 


NATIONAL  ASSOCIATION  OF  CEMENT    USERS. 

UNIT    COSTS    OF   REINFORCED    CONCRETE    FOR 
INDUSTRIAL    BUILDINGS. 

Paper  by'MR.  CHESTER  S.  ALLEN. 

The  following  paper  on  "  L'nit  Costs  of  Reinforced  Concrete  for  Industrial  Buildings  " 
was  read  by  Mr.  Chester  S.  Allen,  of  the  firm  of  Lockwood,  Greene  and  Co.,  architects, 
Boston,  at  the  recent  Convention  of  the  National  Association  of  Cement  Users  : — 

Unit  costs  are  harmless  when  used  with  judgment  and  prudence,  but  likely  to 
bring  remorse  and  anguish  when  employed  promiscuously.  Rare  and  talented,  indeed, 
is  the  man  who  possesses  the  experience,  judgment  and  intuitive  sense  to  know  when, 
where  and  how  to  properly  modify  any  tables  or  statements  of  unit  costs  to  meet 
the  peculiar  conditions  of  each  individual  case.     While  the  figures  given  in  this  paper 
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are  all  taken  fniin  slructures  erected  ckirini^  the  past  two  yeiirs  under  the  \vril<^r's 
supervision,  the  wide  range  of  territory,  local  conditions,  and  different  seasons  of 
the  3'ear  under  which  the  various  pieces  of  work  have  been  executed  are  so  great 
as  to  render  the  information  of  value  only  in  a  very  general  way. 

As  a  general  proposition  we  have  found  that  reinforced  concrete  is  the  lowest 
priced  fireproof  material  suitable  for  factory  construction,  and  while  it  is  true  that 
its  first  cost  will  generally  run  from  5  per  cent,  to  20  per  cent,  higher  than  first-class 
mill  construction,  we  have  recently  had  several  instances  where,  with  lumber  at  a 
high  price,  reinforced  concrete  has  worked  out  cheaper  than  brick  and  timber.  It 
is  especiallv  adapted  to  heavy  construction,  and  for  heavy  loads  of  200  pounds  per 
square  foot  and  over,  where  the  spans  are  iS  to  20  ft.  centres,  not  even  timber  can 
compete  with  it. 

TABLE  I. 


Type  of  Building 


Dimensions 


Machine  Shop 
Cotton  Mill 
Factory 
Weaving  Mill 
Knitting  Mill 
Cartridge  Factory 
Weave  Shed 
Machine  Shop 
Store  House 


120'  X  50' 
550'  X  129' 
400'  X  52' 
140'  X  60' 
220'  x75' 
223'  X  56' 
341'  X  231' 
220'  X  too' 
181'  x56' 

580'  X  U9' 

580'  X  244' 
256'  X  100' 


No. 

Story 

Stories 

Ht. 

4 

12' 

2 

16' 

4 

12' 6" 

5 

12' 6" 

2 

14' 

2 

16' 

1 

1 

4 

14' 6" 

10 

12' 

4 

15' 

12 

S' 

Live  Load 
Ibs.persq.ft. 


150 
75 
150 
150 
125 
300  &  1000 
125 

150 
250 

350 
150 


Type  of 
Construction 


Col. 
Spacing 


Total  Cost 


Per 

sq.ft. 


Beam 

Beam 

Flat  Slab 

Flat  Slab 

Beam  &  Girder 

Beam  &  Girder 

Sawtooth  Skylights 

Sawtooth  Skylights 

Flat  Slab 

Beam  &  Girder 

Flat  Slab 
Flat  Slab 


10'X24' 
10'8"x25' 

17'x20' 

17'6"x20' 

22'X25' 

18' 6"  X  18' 6' 

13'x21'4" 

2O'x20' 

18'x2o' 

19' 

25' 

IS' 6' 

25' 

16' X  16' 8" 


19' 3" 


X25' 


Dols. 
1-17 
0-98 
1-09 
1-50 
1-09 
1-55 
1-79 
1-75 
1-15 

0-85 

0-76 
1-04 


Per 
cu   ft. 
Dols 
0-09 
0-07 
0-C77 
012 
0  073 
0-10 
0-07 
0-10 
0-07 

0071 

005 
0-12 


The  unit  costs  of  projected  or  completed  buildings  are  commonly  figured  either 
as  so  much  per  cubic  foot  or  as  so  much  per  square  foot  of  area  occupied.  Table  I. 
gives  the  unit  costs  both  on  the  square  foot  and  the  cubic  foot  basis,  together  with 
a  general  description  of  a  number  of  reinforced  concrete  industrial  buildings  of  different 
types  erected  during  the  past  two  3-ears.  It  will  be  seen  from  an  examination  of  this 
table  that  the  average  cost  per  square  foot  of  these  buildings,  excluding  the  one- 
story  structures,  was  $1.12;  while  the  average  cost  per  cubic  foot  was  87  cents. 
The  one-story  structures  both  had  reinforced  concrete  sawtooth  roofs,  and  the  average 
cost  per  square  foot  was  $1.77,  while  8-5  cents  was  the  average  cost  per  cubic  foot. 
The  above  costs  are  for  the  finished  buildings,  including  plumbing,  but  do  not  embody 
heating,  lighting,  elevators,  sprinklers  and  power  equipment.  The  cost  per  square 
foot  of  iloor  area  was  obtained  by  dividing  the  cost  of  the  building  by  the  total  number 
of  square  feet  of  floor  area,  exclusive  of  roof  area,  but  including  basement  floors ; 
and  the  cost  per  cubic  foot,  by  dividing  the  cubical  contents  into  the  cost  of  the 
tructure. 

While  no  coal  pockets  are  included  in  Table  I.,  it  has  been  our  experience  that 
above  3,000  tons  capacity  reinforced  concrete  elevator  coal  pockets  cost  from  $5.50 
to  $7.50  per  ton  of  capacity.  Standpipes,  exclusive  of  the  foundations,  average  from 
2^  to  3  cents  per  gallon  of  capacity. 

On  much  of  the  reinforced  concrete  work  which  has  been  done  under  our  super- 
vision it  has  been  possible,  owing  to  the  contract  being  either  on  a  percentage  or 
cost  plus  a  fixed  sum  basis,  for  us  to  obtain  quite  accurate  and  comprehensive  cost 
data.  This  data,  of  course,  are  only  of  particular  value  when  all  the  local  colour  of 
each  specific  case  is  known,  but  the  average  results  are  at  least  interesting. 

The  average  unit  cost  of  the  1:2:4  concrete  in  the  floors,  including  the  beams, 
girders  and  slabs,  was  $6.10  per  cubic  yard,  and  for  the  columns  $6.70  per  cubic  yard. 
Where  i  :  i^  :  3  mixture  was  used  for  the  columns,  the  average  cost  was  $7.60  per 
cubic  yard.  This  cost  was  made  up  of  the  items  of  cement,  sand,  stone  or  gravel, 
labour  and  plant.  The  cement,  of  course,  varied  greatly  with  the  demand,  but  the 
average  net  cost  was  $1.35  per  barrel,  including  3  cents  for  tests.  The  sand  averaged 
80   cents   per  cubic  yard,   and   the   crushed   stone   $1.25   per   cubic   vard.     The   cost   of 

69+ 


^'ESomlEmNS'^]  U^IT  COSTS  OF  REINFORCED  CONCRETE. 


A  ENGINEERING  — ; 


labour  of  unloading  the  materials  and  mixing  and  placing  the  concrete  varied  from 
65  cents  to  $2.90  per  cubic  yard.  The  cost  of  plant,  consisting  of  freight,  depreciation 
or  rental  of  mixing  and  hoisting  towers,  erection  of  same,  power  and  coal,  and  losses 
and  waste  on  the  small  tools,  ranged  from  50  cents  to  $1.50  per  cubic  yard  of  concrete 
placed. 

Next  to  the  proper  design  of  the  structural  features  of  a  concrete  building,  the 
economical  design  of  the  form  work  is  of  paramount  importance.  The  truth  of  this 
statement  is  borne  out  by  the  fact  that  on  the  average  job  the  cost  of  the  forms  amounts 
to  about  one-third  the  cost  of  the  entire  structure.  On  the  buildings  under 
consideration  the  average  cost  of  the  forms  for  the  floors,  including  beams,  girders 
and  slabs,  was  10  cents  per  square  foot,  and  for  the  columns  13  cents  per  square 
foot.  The  lowest  cost  was  in  a  building  of  the  girderless  or  flat  slab  type 
of  construction,  where,  by  the  intelligent  use  of  corrugated  iron  for  the  slab 
forms,  the  cost  of  the  floor  forms,  including  wall  beams,  was  7  cents  per  square 
foot.  Tile  highest  cost  was  for  an  artistic,  but  not  elaborate,  overhanging  cornice 
on  a  twelve-story  building,  and  was  32  cents  per  square  foot.  This  last  item  rather 
forcibly  demonstrates  that  any  attempt  at  architectural  development  is  very  apt  to 
be  a  costly  proposition. 

The  cost  of  the  labour  of  making,  erecting  and  stripping  the  forms  varied  according 
to  the  price  of  lumber,  design  of  the  structure,  method  of  forming,  character  of  the 
supervision,  and  the  skill  of  the  workmen  from  4^  to  12  cents  per  square  foot.  The 
cost  of  lumber,  nails  and  oil,  divided  by  the  square  feet  of  forms,  averaged  from  2j 
to  4^  cents  per  square  foot. 

The  cost  of  bending  and  placing  the  reinforcing  steel,  including  the  necessary  wire, 
averages  $10  per  ton,   the  range  being  from  $5.75  per  ton  to  $17.20  per  ton. 

Granolithic  floor  finish  ij  in.  thick,  when  laid  before  the  concrete  below  it  had 
set  so  as  to  form  one  homogeneous  slab,  cost  on  the  average  of  45  cents  per  square 
foot.  When  put  on  after  the  rough  concrete  slab,  the  cost  averaged  7  cents  per 
square  foot. 

Inasmuch  as  the  only  economical  design  of  a  reinforced,  concrete  structure  is 
one  which  closely  resembles  that  of  the  steel  skeleton  type,  the  relative  cost  of  the 
various  materials  commonly  used  for  curtain  walls  under  the  windows  may  be  of 
interest.  The  writer  has  used  brick,  vitrified  tile,  concrete  blocks,  cast  concrete  slabs, 
and   solid  concrete   walls   for   this   purpose. 

The  most  common  type  of  curtain  wall  has  been  either  an  8-in.  or  12-in.  brick 
wall  resting  on  the  concrete  wall  beam.  The  average  cost  of  these  walls  has  been 
45  cents  per  square  foot.  There  is  practically  no  difference  in  cost  between  the  8-in. 
and  the  12-in.  brick  curtain  wall,  as  the  saving  in  material  is  offset  by  the  great 
amount  of  extra  labour  in  culling  and  laying  the  thinner  wall. 

An  excellent  and  inexpensive  curtain  wall  is  constructed  by  using  Sin.  x  12  in.  x  18 in. 
vitrified  tile.  This  is  a  non-absorbent  wall,  and  when  properlv  laid  in  cement  mortar 
makes  a  tight  weather-proof  curtain-  wall.  The  cost  of  this  wall  averages  about 
25  cents  per  square  foot.  If  the  tile  is  plastered  both  sides  the  cost  is  about  38  cents 
per  square  foot. 

Where  8-in.  concrete  curtain  walls  were  cast  in  place  after  the  skeleton  frame 
was  completed,  the  average  cost  was  40  cents  per  square  foot,  and  when  poured  simul- 
taneously with  the  columns  48  cents  per  square  foot.  Four-inch  cast  concrete  slabs 
cost  about  35  cents  per  square  foot. 

While  concrete  blocks  make  a  very  cheap  and  light  curtain  wall,  the  price  being 
about  the  same  as  for  the  8-in.  tile,  the  writer's  experience  with  them  has  been  rather 
unfortunate  on  account  of  their  extreme  porosity. 

Where  the  location  of  the  buildings  have  demanded  special  treatment  of  the 
exposed  surfaces  we  ha\  e  generally  specified  rubbing  with  a  block  of  carborundum. 
The  average  cost  of  this  work  h*as  been  4  cents  per  square  foot.  In  two  instances 
portions  of  the  structures  have  been  bush-hammered,  with  a  resulting  average  cost 
of  7  cents  per  square  foot. 

Concrete  piles  were  used  on  the  foundations  of  several  of  the  buildings,  and  the 
average  cost  of  the  piles  was  $1.15  per  linear  foot. 

The  most  common  methods  of  waterproofing  concrete  structures  are  by  the 
introduction  of  foreign  ingredients  into  the  concrete,  bv  the  application  of  a  compound 
to  the  concrete  surface,  by  the  use  of  paper  or  felt  waterproofing,  and  by  accurately 
grading  and  proportioning  the  aggregates  and  the  cement. 
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Where  an  adtlition  ol  li}ilrak-d  limt-  in  tht  jjiupoitioiis  uf  lo  [xr  cent,  to  the 
weight  of  the  cement  has  been  used,  the  added  cost  to  a  cubic  yard  ol  1:2:4  concrete 
has  been  50  cents.  Patented  compounds  have  cost  from  25  to  35  cents  per  square 
foot  of  surface  covered.  On  horizontal  or  inclined  surfaces  we  have  sometimes  used 
a  granolithic  surface  of  rich  mortar  of  Portland  cement  and  sand,  or  Portland  cement 
and  screenings,  in  the  proportions  of  i  :  i  laid  at  the  same  time  as  the  base,  and 
trowelled  as  in  sidewalk  construction,  'ihc  cost  of  this  work  has  been  about  5  cents 
per  square  foot. 

Taken  as  a  wliolc,  the  lowest  possible  cost  on  a  ninforced  c()ncret<-  building  can 
be  obtained  only  by  a  careful  study  of  each  particular  case  to  determine  the  cheapest 
tvpe  of  construction  and  most  economical  spacing  of  columns.  As  a  general  proposition 
we  have  found  that  for  light  loads  with  ordinar}^  beam  and  girder  construction  tne 
most  economical  spacing  of  columns  has  been  18  ft.  each  way,  and  for  fiat  slab  con- 
struction 20  ft.  each  way.  For  heavy  loads,  such  as  300  pounds  per  square  foot  and 
over,  it  has  been  our  experience  that  the  cheapest  column  spacing  for  beam  and  girder 
construction  is  15  ft.  x  15  ft.,  and  for  flat  slab  construction  17  ft.  x  17  ft.  In  arriving 
at  the  most  economical  layout,  it  is  always  well  to  bear  in  mind  that  the  construction 
which  allows  the  greatest  simplicity  of  form  units,  together  with  the  maximum  number 
of  repetitions  of  same,  is  invariably  the  one  that  will  work  out  cheapest  in  the  end. 
The  fact  that  the  actual  amount  of  concrete  or  steel  required  for  a  certain  floor  con- 
struction is  less  than  that  required  in  another  by  no  means  implies  that  this  is  actually 
the  cheapest  floor  construction,  as  the  unit  labour  of  the  form  work  may  easily  have 
been  increased  out  of  all  proportion. 
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REINFORCED    CONCRETE    AS    APPLIED    TO 
MINE   SHAFTS. 

Paper   by    MR.    E.    R.    JONES. 

The   foUoii'iiig  paper  luas   recently   read  before   iJie    Michiga>i    College   of  Mines    Club, 

ilotighton,  Michiga)i,  by  Mr.  E.  R.  Jones: 
This  evening,  as  at  another  time,  I  find  that  I  am  acting  in  the  capacity  of  lieutenant 
of  Mr.    Uren.     Mr.   Uren  has  already  gone  into  the  subject  of  concrete  construction 
generally,  and  in  some  detail,  and  it  has  been  left  to  me  to  furnish  some  information  on 
reinforced  concrete  as  applied  to  shaft  construction. 

I  wish  to  thank  Mr.  .S.  R.  Smith,  of  the  Ahmeek  Mining  Company,  and  Mr.  Will 
Smith,  of  the  Mohawk  Mining  Company,  for  information  furnished  me. 

That  which  follows  deals  principally  with  the  making  and  installation  of  concrete, 
and  most  of  the  information  which  I  may  be  able  to  furnish  you  has  been  acquired 
through  personal  experience  and  intimate  contact  with  the  work. 

Since  the  cost  of  material  for  the  making  of  concrete  varies  widely  with  the 
locality  and  the  property,  and  there  is  also  a  discrepancy  in  the  wage  scales  of  the 
different  mining  companies,  any  detail  of  costs  would  not  only  prove  tiresome  but 
would  be  of  little  value,  except  where  conditions  were  exactly  similar  to  those  below 
described,  so  that,  w-here  cost  is  mentioned,  it  will  be  for  the  purpose  of  comparison  in 
a  special  case  with  timber  which  the  concrete  has  supplanted. 

For  a  number  of  years  solid  concrete  and  reinforced  concrete  shaft  collars  and 
shafts  have  been  in  vogue  where  the  conditions  warranted  a  shaft  of  any  degree 
of  permanence,  but  pot  until  igoq  was  reinforced  concrete  tried  as  a  substitute  to 
take  the  form  and  similar  methods  of  installation  as  the  long-used  timber  sets  for 
shaft  purposes — namely,  at  the  No.  3  and  4  shafts  of  the  Ahmeek   Mining  Company. 

In  the  beginning,  two  distinct  kinds  of  material  were  used;  a  good  grade  of 
gravel  and  natural  sand  from  a  local  pit,  and  the  trap  rock,  through  which  the  shafts 
were  sinking,  together  with  clean  conglomerate  sand  from  the  C.  and  H.  Mill.  .Sets 
were  moulded  from  these  two  classes  of  material  and  installed  with  equal  partiality, 
and  subsequent  service  has  proven  both  to  be  equal  to  the  demands  made  upon  them. 
Pieces  set  aside  for  the  purpose  were  allowed  to  season  sufficiently  that  they  might 
be  given  a  fair  competitive  test,  and  it  was  found,  on  comparing  the  fractures  in 
the  two  combinations  of  material,  that  the  sand  and  cement  filling  the  spaces  between 
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the  rounded  pebbles  broke  away  from  lliem,  while  the  fracture  in  the  Irap-congiomerate 
same  combination  continued  through  the  larger  elements  of  the  mixture.  The  gravel 
mixture  could  doubtless  have  been  improved  considerably  by  careful  washing,  but 
the  cost  of  preparation,  compared  with  the  trap  rock  and  conglomerate  sand,  pro- 
hibited its  use  in  this  particular  case. 

The  materials  finally  used  were  as  follows  : — 

No.  I  Portland  cement,  conglomerate  sand,  trap  rock  trommelled  over  f  in. 
through  screens. 

The  proportions  used  were  1:3:5  in  wall  plates,  end  plates,  and  dividings, 
and  I  :  2  :  4  in  studdles.  The  reinforcement  in  wall  and  end  plates  consisted  of  three 
5-in.  Monolith  steel  bars  with  5-in.  webs,  crimped  on  to  them,  together  with  two 
straight  |-in.  Monolith  bars.  The  dividings  were  reinforced  by  four  |-in.  Monolith 
steel  bars  wound  spirally  with  4-in.  steel  wire,  the  whole  presenting  a  column 
with  square  cross-section.  Studdles  were  reinforced  with  two  pieces  of  old  wire 
rope  I J  in.  in  diameter.  Reinforced  concrete  slabs  were  moulded  for  the  shaft  lining, 
the  material  used  being  fines  of  trap  rock  under  f  in.,  conglomerate  sand  and  Kahn 
expanded  metal  as  reinforcement.  The  mixture  used  for  slabs  was  1:2:4.  Bv 
way  of  experiment,  the  writer  selected  a  piece  of  No.  i  hemlock  plank  of  the  same 
length,  width  and  thickness  of  a  concrete  slab,  which  had  seasoned  for  one  vear, 
supported  them  at  either  end,  and  placed  them  side  by  side,  and  then  applied  an  equal 
pressure  across  the  centre  of  each.  Three  failure  cracks  appeared  in  the  concrete 
slab  just  previous  to  the  breaking  of  the  hemlock  plank,  although  total  collapse 
of  the  concrete  slab  did  not  occur  until  the  pressure  was  considerablv  increased. 
While  the  method  of  the  test  employed  was  crude,  it  proved  to  the  satisfaction  of 
the  writer  that  the  concrete  slab  was  much  superior  in  strength.  Considering  the 
rapid  decay  of  timber  used  as  shaft  lining,  no  further  comparison  of  the  two  is 
necessary. 

In  the  moulding  of  the  concrete  sets,  2-in.  No.  i  white  pine  was  used  in  the 
construction  of  the  forms.  These  were  soaked  in  Delaney's  wood  preservative,  and 
repainted  with  preservative  on  the  interior  each  time  before  setting  up,  thus  insuring 
them  against  warping  and  prolonging  their  lives  indefinitely,  as  well  as  securing 
a  smooth  and  eas}-  parting  from  the  concrete  when  removed.  A  Smith  barrel  type 
mixer  was  employed  in  preparing  the  charge  for  the  forms.  The  amount  of  water 
used  in  the  mix  was  such  that,  when  the  batch  was  piled,  it  settled  rapidly  without 
agitation.  A  drier  mix  was  attempted  by  way  of  experiment,  but,  due  to  the  amount 
of  reinforcement  employed,  it  was  found  impossible  to  ram  the  drier  mix  into  place. 

The  labour  involved  in  the  making  consisted  of  two  carpenters  setting  up  forms 
and  keeping  them  in  repair;  one  man  wheeling  forms  on  to  skidways  ready  for  filling, 
returning  used  forms  to  shop  and  cleaning  the  same;  one  man  feeding  mixer  from 
stock  piles  of  rock,  sand  and  cement ;  one  man  delivering  mix  to  forms  and  shovelling 
material  into  place;  and  one  mason  ramming  charge  Into  final  position.  With  this 
combination  of  men,  as  many  as  four  complete  sets,  consisting  of  64  separate  pieces, 
have  be'en  moulded  in  one  day  of  nine  hours.  In  ordinary  weather  the  sides  of  the 
forms  were  allowed  to  remain  in  position  over-night,  and  then  removed,  while  the 
bottoms  were  left  in  place  another  twenty-four  hours.  The  bottoms  were  removed 
by  turning  the  pieces  on  their  sides,  where  they  were  left  to  harden  one  da}'  longer 
before  removal  to  the  stock  pile.  .Ml  through  the  process  of  removal  the  sets  were 
handled  with  the  greatest  care  in  order  to  preserve  the  appearance  of  the  set  and 
prevent  cracking,  which  might  not  develop  to  the  eye  until  weathered.  All  skidways 
used  in  making  and  storing  were  brought  to  a  level  to  prevent  warping  and  bending 
while  the  sets  were  green,  to  insure  a  perfect  fit  underground,  for,  unlike  timber, 
the  concrete  set  cannot  be  brought  to  place  unless  perfectlv  true.  Sets  should  not 
have  been  used  under  sixty  days  after  removing  forms,  although  we,  through  the 
reduction  of  the  stock  piles,  have  been  forced  to  install  pieces  of  fourteen  days  set, 
but  the  greatest  care  was  observed  in  handling  and  putting  in  place  underground. 
Concrete  sets  one  year  old,  which  have  been  subjected  to  all  manner  of  weather, 
can  be  abused  somewhat  and  handled  almost  as  carelessly  as  timber. 

As  before  stated,  the  above-mentioned  sets  were  made  for  the  No.  3  and  4  shafts 
of  the  Ahmeek  Mining  Company.  The  shafts  are  of  the  three  compartment  variety — 
two  skipways  and  one  manway,  dipping  at  an  angle  of  80  degrees.  The  outside 
dimensions  of  the  compartments  are  : — 
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Skipii'uys—-  fl.  ()  in.  liii^li  ;  (>  ft.   lo  in.  wide. 

.Ua/iii'ay— 7  ft.  f)  in.  Iii.j^h,  3  ft.  o  in.  wide,  wilii  the  tnd  jjliites  and  dixidintis. 
making  thi-  greatest  span  of  7  ft.  bin.  Off.sets  were  mouldecl  in  all  plates  5  in.  from 
the  inside  face  to  accommodate  lining  slabs.  Also  holes  were  cored  for  the  use  of 
hanging  bolts  and  bracket  bolts.  The  wall  plates,  end  plates  and  studdles  have  a 
cross-section  of  So  square  in. — dividings  81  square  in.  Th<'  percentages  of  reinforce- 
ment  are   aj^proximatelv   as   follows  :-  - 

Wall  and  end  plates ^  jkt  cent. 

Dividings       ^         ,, 

Studdles         3  ,, 

It  was  found  adxisable  from  the  beginning,  because  of  the  great  weight  of  the 
wall  plates,  to  mould  them  in  two  sections,  one  section  spanning  the  ladder  wa}-, 
and  one  skipway,  and  the  other  section  spanning  the  remaining  skip  compartment. 
These  two  sections  were  connected  when  in  place  by  two  bolts  passing  through  holes, 
cored  for  the  jun-posi',  and  two  straps  of  iron  spanning  the  splice.  Studdles  were 
made  for  4  ft.  o  in.,  5  ft.  o  in.,  and  6  ft.  o  in.  sets  to  accommodate  the  ground  passed 
through. 

The  weights  of  th<'  different  jjieces  comprising  tli<'  set  an'  as  follows  : — 

Long    section    of    wall    plate i>o35  lb. 

Short  section  of  wall  plate 700  lb. 

End    plate    600  lb. 

Divider      645  lb. 

3   ft.   3   in.   studdles       268  lb. 

Complete  set  of  16  pieces  8,104  'b. 

Taking  the  weight  of  No.  i  western  fir,  which  has  been  exposed  to  the  weather 
in  stock  piles,  as  33  lb.  per  cubic  feet,  the  above  concrete  set  weighs  almost  three 
times  that  of  a  12  x  12-in.  timber  set,  which  the  concrete  set  is  intended  to  replace. 
Because  of  this  additional  weight  of  the  concrete  set,  it  was  found  necessarv  to 
increase  the  usual  five  or  six  men  on  the  timber  gang  to  seven  in  number.  In  a 
vertical  shaft,  to  w-hich  the  concrete  sets  are  especially  adapted,  the  number  of  men 
per  gang  might  again  be  reduced.  The  sets  are  hung  or  built  as  the  ordinar\-  timber 
sets,  only  requiring  an  additional  rope  and  block  to  swing  the  pieces  in  place.  After 
the  sets  are  wedged  to  line,  bottoms  are  put  in  between  the  plates  and  the  surrounding 
shaft  wall,  and  the  set  is  then  tied  to  the  shaft  wall  by  means  of  concrete  in  the 
proportion  of  i  :  3  :  5.  The  concrete  slabs  are  then  put  in  place,  and  loose  rock  thrown 
behind  them,  filling  up  what  space  still  remains  between  the  set  and  the  wall  of  the 
shaft. 

.\fter  the  set  is  in  place,  it  is  extremely  important  that  it  be  well  protected  from 
the  blast,  for,  unlike  the  timber  set,  concrete  will  not  stand  the  blast.  For 
this  purpose  the  writer  used  flat  timber  and  steel  plates  chained  to  the  under- 
side of  the  plates  and  dividings,  and  even  this  precaution  was  at  times  in- 
adequate. Where  the  ground  was  breaking  easily  the  sets  have  been  as  near  as 
T2  ft.  to  the  miner?,  and  again,  when  the  ground  was  especially  refractory,  sets 
40  ft.  from  the  blast  have  been  cut  out.  It  is  obvious  that  it  is  well  to  keep  as  far 
behind  the  mining  as  the  ground  will  permit.  In  dangerous  ground,  which  required 
timbering  close  up  to  the  sinking,  timber  sets  were  used,  but,  had  not  time  played 
an  important  part  in  the  sinking,  no  ground  was  met  in  which  concrete  sets  could 
not  have  been  installed.  With  a  gang  of  seven  men  one  complete  set  can  be  installed 
in  a  nine-hour  shift.  This  permits  a  sinking  rate  of  better  than  100  ft.  per  month, 
which  was  accomplished  at  the  No.   3  and  4  shafts. 

The  comparative  cost  of  the  concrete  set  and  timber  set,  delivered  at  the  shaft 
collar,  is  striking.  The  concrete  set  was  delivered  for  $22.50,  the  timber  set  for 
$37.60. 

The  Ahmcek  Mining  Company,  I  believe,  was  the  first  to  ador^t  the  concrete 
stringers,  and  the  Mohawk  Mining  Company  soon  followed  with  their  use.  .At  the 
.Ahmeek  these  stringers  have  been  in  continuous  use  since  the  beginning  of  operations, 
and  have  required  no  repairs.  .Supt.  Smith,  of  the  Mohawk,  has  informed  me  that 
soon  after  the  stringers  were  installed  skip  repairs  increased  about  100  per  cent. 
The  stringer  being  entirelv  rigid  and  the  skip  also  of  rigid  construction,  the  axles 
of  the  skips  were  foimd  to  be  crvstallised  and  the  rivrts  working  loose.  This  feature 
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was  overcome  by  mouldini;  2-in.  pine  strips,  after  prfser\ing  them  in  Delaney's 
Wood  Preservative  to  prevent  decay,  into  the  stringers  at  intervals  of  3  ft.,  allowi'ni; 
them  to  proj<'Ct  ^  in.  above  the  face  of  the  stringer,  and  resting  the  rail  thereon". 
The  pine  strips  have  been  in  place  four  years,  and  none  has  been  replaced  to  date, 
and  skip  repairs  have  been  reduced  to  normal.  Possibly  because  of  a  differentlv 
constructed  skip,  Ahmeek  repairs  were  not  abnormally  high,  but  the  same  racking 
of  the  skip  body  occurred,  and  the  Ahmeek  Company  has  adopted  the  Mohawk  feature, 
and  expects  to  profit  accordingly. 

Concrete  plats,  or  stations,  have  been  in  use  at  both  the  Ahmeek  and  the  Mohawk 
for  some  time.  They  differ  from  the  timber  plat  in  outward  design  onlv  in  the  cross- 
section  of  the  members,  which  are  9x12  in.,  and  are  reinforced  with  old  rail  and 
wire  rope,  and  replace  the  12  x  12-in.  and  12  x  14-in.  timber  formerlv  used.  Holes  are 
fored  to  accommodate  gates  for  skip  and  dump  doors,  and  tram  rails  are  embedded  in 
the  concrete,  making  the  use  of  spikes  unnecessary".  When  turn-tables  are  used  on 
the  back  of  the  plat,  the  rigidness  furnished  by  the  concrete  insures  the  trammers 
against   derailed  cars,   resulting   from   a   tilted   table. 

At  the  present  time  our  company  is  installing  reinforced  concrete  dividings  to 
replace  the  practice  of  putting  in  lo-in.  flat  timber.  In  cross-section  thev  are  9X  12  in., 
and  are  reinforced  by  old  t  ail.  On  the  ladder  road  they  are  placed  6  ft.  from  centre 
to  centre,  and  between  the  skip  com.partments  are  put  in  as  often  as  the  hanging 
requires.  Since  the  casing  along  the  ladder  road  performs  no  other  office  than  the 
protection  of  the  men  while  on  the  ladder,  or  in  case  of  a  fall,  plank  is  used  for  the 
purpose,  and  a  3-in.  hemlock  strip  is  moulded  into  the  dividings  to  facilitate  the 
fastening  of  this  casing. 

Quite  often,  in  the  placing  of  concrete  and  reinforced  concrete,  both  above  and 
below  ground,  not  enough  attention  is  paid  to  the  character  of  the  men  emploved 
in  charge  of  the  mix  and  actual  distribution  of  the  material.  It  is  not  enough  that 
the  work  shall  look  finished  and  neat  on  the  removal  of  the  mould  boards,  which 
any  gang  of  men  can  accomplish  with  only  this  end  in  view.  The  placing  of  concrete 
where  strength  is  desired,  as  well  as  weight  and  finish,  requires  the  greatest  care 
and  judgment.  Men  should  be  selected  who  will  see  that  the  fines  are  uniformly 
distributed  with  the  coarser  material,  for,  unless  the  rock  of  the  mi.xture  is  made  to 
well  overlap,  congregation  of  coarse  material  and  fines  will  accumulate  which  will 
result  in  a  weakness  which  often  cannot  be  detected  after  the  work  is  completed. 
The  ideal  method  of  placing  the  mix  is  by  hand  with  shovel,  but  in  shaft  work  this 
method  is  slow,  and  requires  extra  labour  where  the  work  is  situated  some  distance 
from  the  place  of  mixing.  Where  chutes  are  used  to  convey  the  mix  to  its  destination, 
the  larger  materia^  arrives  in  advance  of  the  fines,  making  an  even  distribution 
ditificult  and  at  times  impossible.  The  writer  has  eliminated  this  feature  by  placing 
traps  at  regular  intervals  in  the  conducting  launders  for  the  purpose  of  retarding 
the  larger  particles,  thus  securing  a  more  even  mix  at  the  end  of  the  launders  than 
at  the  beginning. 

Concrete  has  long  been  used  underground  for  bulkheads,  forks,  open  gutters  and 
casings  for  fire  doors,  and  cannot  be  surpassed  for  these  purposes.  As  applied  to 
shafts,  the  material  is  comparatively  new,  but  each  succeeding  year  marks  its  advance, 
and  in  the  end  timber  will  have  been  entirely  superseded.  For  much  of  the  under- 
ground construction  timber  is  still  the  rival  of  concrete,  but,  due  to  the  increasing 
scarcitv  of  the  timber  suitable  for  mine  use,  it  cannot  long  remain  as  such,  and  must 
soon  make  way  for  the  more  plentiful  materials,  concrete  and  steel. 
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NEW  WORKS  IN  CONCRETE 

AT    HOME  AND  ABROAD. 

Under  this  heading  reliable  information  luill  be  presented  of  neiv  ivorks  in  course  of 
construction  or  completed,  and  the  examples  selected  ivill  be  from  all  parts  of  the  "world. 

It  is  not  the  intention  to  describe  these  nvorks  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  vrimary  features,  at  the  most  explaining  the  idea  'which  ser^vcd  as  a  basis 
for  the  design. — ED. 


REINFORCED    CONCRETE    PONTOON    AT    IRLAM. 
MANCHESTER    SHIP    CANAL. 

The  reinforced  concrete  pontoon  constructed  and  launched  at  Irlam  for  use  on  the 
Manchester  Ship  Canal  marks  a  further  advance  in  the  application  of  reinforced  concrete 
to  shipbuilding ;  and,  apart  from  this,  the  vessel  embodies  principles  that  deserve  the 
consideration  of  those  who,  in  view  of  the  Titanic  disaster,  are  seeking  to  improve  the 
design  of  unsinkable  ships. 


Reinforced  Concrete  Pontoon,  Iilani. 
Manchester  Ship  Canal. 


The  pontoon  was  built  from  the  designs  of  Messrs.  L.  G.  Mouchel  iK:  Partners, 
Ltd.,  of  Westminster,  by  the  Yorkshire  Hennebique  Contracting  Co.,  Ltd.,  of  Leeds, 
in  accordance  with  the  requirements  of  the  engineers  to  the  Manchester  Ship  Canal 
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Reinforced  Concrete  Pontoon,  Irlani. 
Manchester  Ship  Canal. 
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Company.  Its  con.slruilion  was  auliinriMcl  In  the  lali:  .\Ir.  IIliIkti  (.  onyrcve, 
Ai.Insl.C.E.,  .and  conlinuo'd  undtT  the  dirrtiinn  oi  Mr.  II.  .\.  Reed,  M.Inst.C.E.,  the 
present  chief  enghieer  to  the  company. 

The  vessel  measures  loo  fl.  lon|.J  by  28  ft.  beam  by  S  fi.  (>  in.  dii  p  from  the  main 
deck  to  the  keel,  and  will  draw  .about  6  ft.  6  in.  (jf  water  when  luliy  loaded. 

The  nuch<inical  equipment  includes  a  steam  boiler  of  the  .Scotch  marine  type, 
13  fl.  8  in.  in  diameter  by  10  ft.  b  in.  long,  weighing  58  tons;  a  compound  \ertical 
steam  engine,  condenser,  three  powerful  centrifugal  pumps,  and  three  steam  winches. 
The  machinery  represents  the  weight  of  some  43  tons,  and,  being  placed  at  one  side  of 
an  upper  deck,  will  be  counterbalanced  by  water  ballast  in  water-tigiit  c.impartments 
on  the  opposite  side  of  the  vessel. 

It  is  interesting  to  know  that  the  adoption  of  reinf(jr(e(i  ((jncrete  in  [jjace  of  steel 
for  the  construction  of  the  pontoon  was  influenced  mainly  by  the  lower  cost  of 
reinforced  concrete,  the  avoidance  of  maintenance  charges,  and  the  greater  ease  with 
which  repairs  could  be  conducted  in  case  any  damage  should  be  caused  bv  collision  or 
other  accident. 

.\lthough  the  risk  of  injury  to  the  vessel  is  somewhat  remot<-,  the  construction  (jf 
the  hull  is  such  that,  even  if  the  exterior  shell  were  com[)letely  destroyed,  the  main 
part  of  the  pontoon  would  still  remain  afloat. 

The  inner  portion  comprises  one  large  water-tight  compartment  for  the  coal 
bunkers,  stokehold  and  boiler  plant,  and  four  smaller  compartments  for  ballast  and  for 
use  by  the  staff.  Around  these  five  compartments  are  sixteen  perfectly  indep<'ndent 
water-tight  compartments,  forming  a  .series  of  cells  approachable  only  bv  way  of  hatches 
and  manholes  from  the  main  deck.  Thus  in  the  event  of  a  collision  the  ef!iciencv  of 
the  bulkheads  would  not  depend  upon  the  closing  of  water-tight  doors,  as  in  ordinarv 
practice. 

The  framework  (jf  the  pontoon  consist.^  of  beams,  ribs,  columns,  and  struts,  all  in 
monolithic  connection  and  further  connected  by  the  longitudinal  and  transverse  partition 
walls,  or  bulkheads,  the  bottom,  sides  and  ends  of  the  hull,  and  the  main  decking  slab. 
Some  of  the  columns  are  continued  above  the  main  deck  for  the  support  of  an  upper 
deck  on  which  are  foundation  beds  for  the  steam  engine  and  pumping  machinery. 

The  compartment  devoted  to  the  boiler  plant  contairis  a  very  powerful  beam 
supporting  the  sloping  floor  of  the  coal  bunkers  and  three  transverse  cradles  carrying 
the  steam  boiler.  .Apart  from  these  members  the  construction  is  remarkably  light,  and 
the  outer  skin  of  the  hull  is  only  3  in.  thick. 

In  autumn  last  year  the  moulds  were  laid  for  the  bottom  of  the  vessel.  After 
supplies  of  materials  had  been  collected,  concreting  was  commenced  early  in  November, 
and  bv  the  middle  of  the  succeeding  month  the  work  had  been  carried  up  to  main 
deck  level.  In  January  this  year  the  concreting  of  the  main  deck  was  started  and 
practically  finished  by  the  end  of  the  month.  Then  followed  the  moulding  of  the  upper 
deck  columns,  and  by  March  9th  all  the  reinforced  concrete  work  had  been  finally 
completed.  The  engine  and  pump  beds  in  plain  concrete  were  finished  a  week  later. 
All  the  water-tight  compartments  were  carefully  tested  by  filling  them  with  water,  an 
operation  which  was  completed  in  May  last. 

EXPANDED    STEEL    CONCRETE    CONSTRUCTION  AT    30a    WIMPOLE    STREET 
AND    32    NEW    CAVENDISH    STREET.   W. 

The  rebuilding  of  the  above  premises  for  Dr.  Irwin  Moore,  carried  out  to  the  designs 
and  under  the  supervision  of  Messrs.  Banister,  Fletcher  &  Sons,  architects,  29,  New 
Bridge  Street,  London,  E.C.,  afford  a  good  example  of  the  application  of  expanded 
steel-concrete  for  interior  construction. 

The  building,  which  consists  of  two  houses  divided  by  a  p.'irty  wall,  occupies  a 
prominent  position  at  the  north-east  corner  of  the  junction  of  the  two  streets,  there 
being  a  frontage  of  about  23  ft.  in  Wimpole  Street  and  about  qo  ft.  in  New  Cavendish 
Street. 

The  following  is  a  brief  summary  of  the  work. 

There  are  five  suspended  floors  (ground-floor  to  fourth  floor)  to  each  house. 

The  roof,  which  is  partly  flat  and  partly  sloping,   runs  into  a  gable  wall   at   the 
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Wimpole  Street  front,  and  contains  several  dormer  windows  on  the  Cavendish  Street 
front. 

The  floors  and  roof  are  constructed  of  concrete  5  in.  thick,  except  the  sloping 
portions  of  the  roof,  which  are  4^  in.  thick,  reinforced  with  expanded  steel  throughout 
the  underside  and  at  the  top  side  over  intermediate  supports. 

The  beams  under  the  floors  are  generally  spaced  to  come  over  the  light  partitions 
separating  the  rooms  and  corridors;  these  beams  are  9  in.  deep  and  4^  in.  wide.  An 
exception  is  the  beam  at  each  floor  in  the  centre  of  the  front  room  facing  Wimpole 
Street,  this  being  5  in.  deep  under  the  slab  and  10  in.  wide. 

The  staircase  in   the  Wimpole   Street  house  is   contained   partly   bv   two   chimnev 


stacks  and  partly  by  concrete  walls  -\h  in.  thick  reinforced  with  ex])anded  steel.  The 
steps  and  landings  are  monolithic;  the  steps  have  a  minimum  thickness  of  4  in.  under 
the  oak  treads,  and  the  landings  are  5  in.  thick.  Rib  mesh  expanded  steel  is  used 
as  reinforcement,  the  longitudinal  ribs  spanning  from  side  wall  to  side  wall  and  from 
back  wall  to  front  beam.  These  stairs  are  constructed  with  a  rectangular  lift-well  in 
the  centre. 

The  staircase  in  the  New  Cavendish  Street  house  is  of  similar  construction,  with 
the  exception  that  it  is  contained  on  three  sides  by  expanded  steel-concrete  walls  4^  in. 
thick  and  on  the  remaining  side  by  the  party  wall  of  the  adjoining  building  in  Wimpole 
Street.  The  lift  enclosure  in  this  instance  adjoins  the  staircase  against  the  party  wall, 
and  its  walls  also  are  of  concrete  43  in.  thick  reinforced  with  expanded  steel. 
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The  floor  plans  are  generally  similar  to  one  another,  the  height  from  floor  to  floor 
.arying  from  about  ii  ft.  to  g  ft.  in  the  clear.  Lavatories  adjoin  the  staircases  in  both 
houses  between  the  floor  levels. 

At  the  fourth-floor  level  in  the  W'impole  Street  house  there  is  a  belvedere  facing 
New  Cavendish  Street;  this,  with  a  g-in.  brick  wall  running  at  right  angles  to  it,  is 
carried  by  reinforced  concrete  beams,  which  were  formed  above  instead  of  below  the 
floor  slab  in  order  to  leave  a  flush  ceiling  to  the  rooms  below. 

The  roof  is  specially  designed  so  that  a  maximum  wind  pressure  on  its  sloping 
surface  will  not  cause  any  thrust  on  the  party  wall  of  the  adjoining  Wimpole  Street 
building. 

The  beams  in  the  floors  and  roofs  are  reinforced  with  mild  steel  bars,  and  where 
such  are  insufificient  to  take  the  shearing  stresses  the  beams  are  further  reinforced. 
Round  mild  steel  bars  are  also  used  in  those  ])arts  of  staircase  walls  which  were 
ctnstructed  to  act  as  beams. 


View  of  Retaining  Wall  on  East  Side  of  Methil  Dock. 


One  of  the  objects  kept  in  view  in  designing  the  interior  of  the  building  was  to 
make  the  utmost  use  of  all  the  available  space. 

As  most  of  the  beams  are  constructed  over  partitions  there  is  practically  no 
obstruction  between  walls  to  light  and  air.  The  staircase  would  have  been  very  much 
heavier  in  stonework,  in  which  material  it  would  have  been  difficult  to  obtain  sufficient 
headroom  for  some  of  the  lift  entrances. 

The  only  structural  steelwork  used  in  the  building  consists  of  a  few  solid  steel 
columns  in  the  bay  windows  along  the  New  Cavendish  Street  front,  and  these  are 
encased  in  expanded  metal  lathing  and  plaster ;  and  there  are  also  two  beams  supporting 
the  brickwork  over  openings. 

All  the  lintels  are  made  of  reinforced  concrete. 

The  ground  floor  of  the  building  is  about  2  ft.  above  street  level,  and  along  the 
frontage  is  an  area  to  the  depth  of  the  basement  floor.  Under  the  pavement  are  a 
series  of  vaults,  which  in  general  have  been  left  intact  during  reconstruction,  excepting 
where  alterations  were  required. 

The  whole  of  the  work  was  carried  out  by  the  general  contractor,   Mr.   A     Monk, 
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Lowcf  Edmonton,  London;  the  reinforced  concrete  work  having  been  done  by  the 
Expanded  Metal  Company,  Ltd.,  of  London,  from  whom  the  whole  of  the  reinforcement 
was  purchased. 


WORK    AT    METHIL    DOCK. 

The  accompanying  illustration  shows  a  retaining  wall,  400  ft.  long,  12  ft.  high  above 
surface  of  ground,  on  the  east  side  of  Mcihil  Dock.  It  supports  a  heavv  bank  carrying 
railways  to  coal  hoist. 

The  wall  is  of  concrete  faced  with  "  \\'inget  "  blocks,  the  concrete  backing  and 
block  work  facing  being  brought  up  together,  thus  doing  away  with  the  use  of  shuttering 
to   face. 


View  of  Piers  at  Methil  Dock. 


The  second  illustration  gives  a  view  of  piers  faced  with  "  \\'inget  "  blocks,  support- 
ing .girders  carrying  railways  to  coal  hoists. 

The  contractors  for  this  work  are  Messrs.  Robt.  McAlpine  &  Sons,  of  London 
and  Glasgow. 

CONCRETE    IN    THE    GARDEN. 

We    have    frequently    given    examples    of   concrete    used    for   ornamental  and    garden 

purposes,   and   herewith   we   give   .some   further   illustrations.      The   three  illustrations 

refer    to    work    carried    out    at    La    Mancha     Hall,     near    Southport.  Fig.    i    is   a 

replica  of  a  seat  in   the  Vatican  grounds.      Fig.  2   is  a   garden   wall  built  with  blocks 
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faced  on  both  sides  14  in.  wide  with  an  ornamental  fjateway.  Fig.  3  represents  the 
wall  on  the  outside.  The  whole  of  this  work  was  carried  out  by  Mr.  John  S.  Ri^bv, 
of  Liveri)ool. 


i 


Fig.  3.     View  of  Garden  Wall  at  La  Mancha  Hall, 
solthport. 


CONCRETE    PARAPET    RAILING    AT    TYNEMOUTH. 

The  accompanying  illustration  shows  a  parapet  railing  which  has  been  erected  at 
Tynemouth  under  the  direction  of  Mr.  John  F.  Smillie,  Borough  Surveyor.  The 
railing  is  500  ft.  in  length.  The  height  of  the  standard,  exclusive  of  tail 
piece,  is  3  ft.  4  in.,  and  the  length  of  the  side  of  the  square  plinth  7  in.  The 
shaft  tapers  from  a  diameter  of  3I  in.  at  a  height  of  9  in.  from  the  ground  to  one 
of  3  in.  at  the  top.  The  standards  are  reinforced  with  5  in.  round  steel  rods  and 
spiral  wire.    The  rails  are  barely  2  in.  in  diameter,  and  are  reinforced  with  four  VV-in- 
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Fig.  1.     Replica  of  Seat  in  the  Vatican  Grounds. 


Fig.  2.    View  of  Garden  Wall  at  La  Mancha  Hall,  Squthport. 
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steel  rods  and  spiral  wire.  The  rail  has  bef-n  up  tHr  two  winters  now,  and,  altli(nii*h  very 
much  exposed  to  the  s])ray  from  hiij;h  seas,  it  is  as  <4ood  and  substantial  as  wln-n 
first  erected. 


CoNXRETE  Parapet  Railing  at  Tynemolth. 
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AT  HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  "which  ha%ie  appeared  during  the  last  fe'w  months. 


"  Building  Structures  in  Earthquake  Coun= 
tries."     By  Ing.  Alfredo  Montel. 

London  :    Charles  Griffin  &  Co.    Ltd.,    Exeter   Street, 
Strand.     Price  b'6  net.     128pp.  +  x. 

Contents. — On  Earthquakes  in  General — 
Seismic  Action  and  Nature  of  the  Soil 
■ — On  Seismic  Buildings  in  General — 
Abstract  of  Japanese  Rules  for  the 
Construction  of  Earthquake-proof 
Wooden  Houses — Japanese  Experi- 
ments and  Investigations  Regarding 
the  Resistance  of  Brick  Columns — 
Calculation  of  Brick  Columns  and 
Walls  of  Uniform  Strength  by  Bend- 
ing— Calculation  of  Walls  of  Rein- 
forced Concrete — Freewall  Hovises — 
On  Monolithic  Houses  in  General — 
General  Test  Calculation  of  a  Mono- 
lithic Brick  Building — Some  Notes  on 
the  Construction  of  Masonry — On  the 
Stability  of  an  Ordinary  House  during 
an  Earthquake — General  Test  Cal- 
culation of  a  Monolithic  House  of 
Reinforced  Concrete — Standard  Rules 
for  the  Execution  of  Works  in  Rein- 
forced Concrete. 

This  work  has  been  translated  from  the 
Italian  by  the  author,  various  additions 
having  been  made  at  the  same  time,  owing 
to  certain  particulars  being  available  re- 
garding the  earth-  and  sea-quake  of  Cala- 
bria and  Sicily,  1908,  which  were  un- 
known at  the  time  of  publishing  in  Italv. 
One  of  the  chief  features  which  will  be  of 
interest  to  engineers  of  to-day  is  the 
portion  devoted  to  reinforced  concrete  con- 
struction, and  although  our  own  buildings 
do  not  require  to  be  designed  to  resist 
seismic  forces,  we  may  yet  be  called  upon 


to  design  structures  for  those  countries 
wherein  such  disturbances  take  place,  and, 
should  previous  experience  be  lacking,  we 
shall  welcome  a  volume  which  deals  with 
this  class  of  building.  In  designing  a 
structure  which  may  be  called  u{X)n  to 
resist  earthquake  shocks  there  are  two 
general  methods  that  mav  be  followed — 
viz.,  either  the  different  members  of  the 
building  may  be  calculated  so  that  each 
one  resists  on  its  own  account  or  the  whole 
building  may  be  calculated  as  a  homo- 
geneous entity  acting  as  a  monolith. 
Generally  speaking,  the  second  method  is 
the  more  reasonable  one,  and  reinforced 
concrete  may  be  said  to  be  practically  the 
only  material  that  renders  this  possible 
and  at  the  same  time  gives  perfect  security 
against   fire. 

The  author  expresses  the  opinion  that 
reinforced  concrete  is  the  most  suitable 
material,  but  he  p>oints  out  the  difficulty 
of  finding  workmen  competent  to  do  this 
kind  of  work  in  places  which  are  often, 
from  the  economic  and  industrial  stand- 
{xiint,  very  little  advanced.  There  is  no 
doubt  that  this  difficulty  does  exist,  and 
it  becomes  highly  im{X)rtant  that  work  in 
such  parts  should  be  efficiently  supervised 
by  a  reliable  and  intelligent  man. 

The  calculations  for  the  buildings  are 
interesting,  and  the  deductions  should  be 
of  value,  particularly  with  regard  to  rein- 
forced concrete  work.  The  volume  is  well 
written  and  very  interesting,  even  to  those 
designers  who  may  never  actually  require 
to  make  use  of  the  recommendations,  and 
it  should  be  worthy  of  becoming  an  addi- 
tion to  any  engineer's  or  architect's 
librarv  of  technical  works. 
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Memoranaa  and  Nev)s  Items  are  presented  under  this  heading,  -with  occasional  editorial 
comment.     Authentic  neius  toill  be  •welcome. — ED. 


New  Bridge  for  the  Lower  Ganges.  — In  a  recent  number  of  the  Engineer  it  is 
reported  that  one  of  the  most  interesting,  and  by  far  the  most  costly,  of  all  engineering 
.schemes  now  in  hand  in  India  and  the  Far  East  is  the  new  railway  bridge  to  carry  the 
main  line  of  the  Eastern  Bengal  State  Railway  over  the  river  Ganges  at  Sara  Ghat, 
which  is  about  ii8^  miles  distant  from  the  Sealdah  terminus,  Calcutta.  Hitherto  the 
journey  from  Calcutta  to  the  Himalayas  has  been  made  by  the  vestibuled  mail  services 
of  the  Eastern  Bengal  State  Railway,  which  takes  the  traveller  as  far  as  Damookdeah, 
on  the  banks  of  the  river  Ganges.  On  arrival  at  Damookdeah  the  river  is  crossed  by  a 
large  flat-bottomed  paddle  steamer.  It  has  always  been  difificult  to  secure  good  landing 
jetties  on  this  bank  of  the  Ganges,  owing  to  the  shifting  character  of  the  sands  forming 
the  river  banks.  On  the  other  side,  but  slightly  above  Damookdeah,  is  Sara  Ghat, 
which  is  the  terminus  of  the  metre-gauge  section  of  the  railway,  which  serves  the  next 
link  in  the  chain  of  travel. 

The  new  bridge  has  been  designed  for  a  dcjuble  broad-gauge  track,  and  in  order  to 
guard  against  the  deep  scour  of  the  river  the  foundations  for  the  piers  are  to  be  carried 
down  150  ft.  below  the  river  bed.  Each  pier  will  be  founded  upon  steel  caissons,  63  ft. 
by  36  ft.,  which  will  be  floated  out  to  the  required  ]X)sition  and  sunk,  additional  rings 
being  put  on  and  filled  with  concrete  until  the  cutting  edge  of  the  caisson  has  reached 
the  bed  of  the  river.  At  the  depth  of  150  ft.  a  concrete  plug  will  be  placed  in  the  bottom 
of  the  holes  thus  made,  which  will  then  be  filled  in  with  sand  and  a  cap  of  concrete 
afterwards  put  on  the  top.  All  of  the  piers  are  to  be  constructed  with  a  semi-circular 
nose  and  will  extend  to  60  ft.  below  low-water  level. 

The  bridge  will  consist  of  fifteen  spans,  each  359  ft.  in  length  and  of  heavv  lattice 
girder  type,  having  an  overall  depth  at  the  centre  of  52  ft.  In  addition  to  providin:* 
two  broad-gauge  railway  lines  there  will  be  provision  on  the  down-stream  side  for  a 
footpath,  carried  on  cantilevers  on  the  outside  of  the  main  girders,  5  ft.  in  width,  with 
light  lattice  parapet.  The  width,  centre  to  centre  of  main  girders,  will  be  32  ft.,  and 
the  total  width  of  the  bridge,  including  the  footway,  42  ft.  6  in.  Each  girder  will  bii 
carried  on  massive  steel  bearings  fixed  at  one  end  and  movable  at  the  other.  The 
contract  for  these  fifteen  spans  has  been  divided  between  the  Cleveland  Bridge  and 
Engineering  Company,  Limited,  Darlington,  which  is  to  manufacture  nine,  and  Messrs. 
Braithwaite  and  Kirk,  of  West  Bromwich,  who  are  to  supply  the  remainin,^  six  spans. 
Each  span  will  ha\e  a  weight  of  1,300  tons,  and  shijiment  is  to  commence  at  the  end 
of  this  year. 

Severe  competition  was  encountered  from  the  leading  American  bridge  companies, 
and  the  contract  represents  the  most  important  individual  steel  bridge  order  placed  for 
any  part  of  the  world  in  this  country  during  recent  years.  The  whole  of  the  sub- 
structure work  and  the  erection  of  the  steel  work  is  to  be  carried  out  bv  the  Indian 
Government  staff,  under  the  personal  direction  of  .Mr.  R.  R.  Gales,  as  engineer-in- 
chief,  and  according  to  designs  prepared  by  .Sir  .Mexander  Rendel,  acting  as  the 
consulting  engineer  for  the  India  Office. 

We  hope  to  publish  fuller  details  of  this  bridge,  witli  illustrations,  at  a  later  date. 
Port  Talbot. — It  has  been  decided  to  make  considerable  extensions  in  connection 
with  the  Port  Talbot  Railwav  and  Dock  Company,  and  the  Contract  Journal  reports  that 
this  we:']-:  will  include  a  reinforced  concrete  wharf  nr^ar  the  Port  Talbot  .Steel  \\'orks. 
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New  Loading  Pier,  Sou^Ae/id- o/i=Sea. -  Suuthend-on-Sea  T.C.  has  provisionally 
accepted  tender  of  T.   W.    Pedrette,   Enfield,  amounting   to  £^10,877    18s.   2d.   (lowest 

received),    for    construction    of    proposed    new    loading    pier    in    reinforced    concrete. 

MiDiicipaJ    Joiir)ial. 

Woodbridge.— Bridge.— ThL    Surrey    C.C.    have   accepted    the    tender    of    Messrs. 
Somerville    and    Co.,    Victoria    Street,    London,    at    £"4,800,    for    a    new    single-span 
reinforced  concrete  bridge  at  \\'oodbridge,   Guildfordr^-77u'   Cov.iract  JouruaL 
TRADE    NOTICES,    CATALOGUES,    ETC. 

A  New  aad  Improved  Metal  Lathing  for  Plasterworlc.  —  We  call  special 
attention  lo  the  interesting  announcement  which  aj)pears  in  our  advertisement  pages, 
stating  that  the  Expanded  Metal  Company,  Limited,  of  York  Mansion,  York  Street, 
\\'estminster,  London,  S.W.,  and  Stranton  Works,  West  Hartlepool,  has  succeeded  in 
producing  a  new  and  improved  diamond  mesh  expanded  metal  lathing  which  will  be 
obtainable  at  prices  lower  than  those  for  the  original  expanded  metal  lathings. 

The  new  lathing  will  be  known  by  the  trade  name  of  "  BB  Expanded  Metal  " 
lathing,  and  the  illustration  shows  the  actual  size  of  its  meshes.  It  is  made  in  standard 
size  sheets,  9  ft.  longway  of  mesh  by  2  ft.  shortway  of  mesh. 

It  is  stated  to  have  several  important  advantages  over  the  original  expanded  metal 
lathings.  Its  cost  is  stated  to  be  less ;  then  it  may  be  used  at  wider  spacings  and  it 
requires  less  plaster. 

Several  practical  tests  have  been  made,  .and  the  reports  ail  agree  that  the  new 
lathing  is  stronger  and  stiffer  than  the  original  lathings  ;  and  on  account  of  the  reduced 
size  of  the  ditmiond  mesh,  together  with  the  improved  slope  of  its  strands,  less  plaster 
goes  through  to  form  the  "  key  "  and  practically  none  falls  off  and  is  wasted. 

The  new  lathing  is  now  ready  for  the  market,  and,  as  it  is  sold  through  the  mer- 
chant trade  only,  stocks  will  be  held  in  most  large  centres.     It  is  listed  in  three  gauges. 

The  price-list  issued  by  the  Expanded  Metal  Co.,  Ltd.,  argues  that,  gauge 
for  gauge,  a  saving  of  from  25  per  cent,  to  60  per  cent,  is  made  by  substituting  the 
new  lathings  for  the  old.  But  the  saving  in  cost  is  stated  by  the  companv  to  be  reallv 
more,  because  of  the  wider  spacings  that  may  be  used  with  the  new  lathings. 

Tests  have  been  made  at  these  wider  spacings  with  entirelv  satisfactorv  results. 

A  Well'planned  Concrete  Planr.  —  A  plant  lay-out  which  would  be  very  suitable 
for  buildings  where  about  10,000  cubic  yards  of  concrete  are  to  be  placed  is  that  which 
was  used  in  building  the  .American  Can  Company's  new  reinforced-concrete  factorv, 
located  on  Beach  and  Balmer  Streets,  Philadelphia.  This  building  is  five  store\"s  high, 
with  basement,  and  has  over-all  dimensions  of  346  ft.  by  100  ft.  The  f-yard  Ransome 
mixer  has  turned  out  9,200  yards  of  concrete  for  this  work,  at  times  mixing  290  yards 
i.i  a  trifle  less  than  eleven  hours,  or  25  per  cent,  over  normal  rating.  The  plant  has 
been  so  satisfactory  that  it  has  been  taken  down  and  is  being  used  in  constructing  the 
new  West  Philadelphia  High  School,  where  about  8,000  yards  of  concrete  will  be  mixed. 

This  plant  is  not  only  economical,  but  it  is  so  simple  that  it  can  be  taken  down  and 
re-erected  with  the  greatest  ease.    The  tower  is  of  wood  and  too  ft.  high. 

An  inspection  of  the  accompanying  illustration  will  make  perfectly  clear  the  course 
the  materials  follow.  The  sand  and  stone,  the  latter  mostly  f  in.,  are  dumped  from 
wagons  on  to  the  platform  and  raised  by  bucket  elevator,  driven  by  a  10  h.p.  engine, 
to  the  sand  and  stone  bins  at  the  top.  From  this  point  the  aggregates  fall  by  gravity 
into  a  proportioning  hopper,  being  admitted  through  gates.  The  hop]>er  is  provided 
with  a  partition  that  can  be  set  according  to  proportion  desired. 

Below  the  proportioning  hopper  is  the  fixed  batch  hopper  of  the  f-yard  Ransome 
tnixer,  operated  by  a  15  h.p.  engine  that  runs  the  hoist  also.  The  cement  is  piled  in 
bags  alongside  of  the  top  of  the  mixer's  hopper,  and  water  is  turned  into  the  latter  from 
a  pipe  leading  from  a  marked  wak'r-barrel  connected  to  the  city  mains.  The  concrete 
is  proportioned  1:2:4,  and  is  discharged  into  a  Ransome  bucket  hoist  that  is  unloaded 
at  the  proper  point.     The  contractors  on  this  job  are  Cramj)  &  Co.,  of  Philadelphia. 

ENQUIRIES. 

July  2ist,  1912. 

Sir,— I  was  lately  examining  some  paving  slabs,  the  concrete  of  which  was 
compounded  of  the  ashes  or  clinker  from  a  tramway  generating  station. 

A  verv  large  percentage  of  this  ash  was  unburnt,  with  the  natural  result  that  the 
slabs    are"  useless.       Thev    are    honevcombcd    with    cracks,   some     !;     in.   in    breadth, 
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Illustration  shows  New  Culvert  1  15  ft.    X  5  tl.  4  in. 
N.E.  Railway,  Dairycoates,  Hull. 
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MEMORANDA, 


Ok,//,.,    PI.,  .r  B,., 


caused,  I  understand,  by  the  lime  in  the  cement  acting  on  the  sulphur  or  other 
substance  contained  in  the  unburnt  material  composing  the  concrete.  I  have  been 
unable  to  find  any  particulars  of  the  actual  chemical  action  that  takes  place,  and  shall 
be  greatly  obliged  if  you  can  refer  me  to  some  mention  of  the  subject. 

Yours   faithfully, 

D.  A. 
The  Editor,  "  Concrclc  and  Construclional  E)igiiieeri>ig." 

Reply. 

Furnace  clinker,  if  thoroughly  burnt  and  free  from  dust,  is  undoubtedly  a  useful 
material  where  great  strength  is  not  required;  it  is  very  light,  adheres  well  to  the 
mortar,  and  resists  great  heat.  Most  coal,  however,  contains  sulphur,  generally  in  the 
form  of  iron  pyrites,  and  part  of  this  sulphur  is  likely  to  remain  in  the  clinker  as  iron 
sulphide,  a  compound  which  is  readily  oxidisable  in  the  presence  of  moisture.  Should 
air  and  moisture  gain  entrance  to  the  interior  of  the  mass,  a  process  which  occurs  with 
ease  in  so  porous  a  material  as  clinker  concrete,  oxidisation  takes  place,  accompanied 
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by  a  considerable  increase  of  volume,  which  may  result  in  the  coniplclc  disru|)iii)n  of 
the  concrett\  Instances  are  known  in  which  fire-resistin.i*  floors  have  expanded  from 
this  cause,  and  have  cracked  and  bult^ed  with  suflicient  force  to  lift  up  and  break  an 
o\erkiyinij  layer  of  asphrdt.  Experiments  are  needed  to  determine  I  lie  permissible- 
limit  of  sulphur,  and  should  he  undertaken  by  some  institution  like  tii€  Concrete 
Institute,  and  the  conditions  under  which  oxidisation  lakes  place  should  also  be  in- 
vestigated; in  the  meantime,  it  is  adxisable  to  regard  furnac<'  clinker  as  a  material  to 
be  employed  only  wilii  [hv  utmost  caution. 

There  is  also  ihc  ])robabilitv  tliat  the  clinker  may  contain  a  great  deal  of  imcon- 
sumed  coal,  which  is  not  only  a  factor  likely  to  cause  disruption  (more  especially  if 
the  coal  is  of  a  l)ituminous  character),  but  has  also  an  adverse  effect  uixm  the  physical 
character  of  the  concrete,  inasmuch  as  the  coal  easilv  breaks  down  under  pressure. 
This  is  well  illustrated  bv  the  following  results  of  some  tests  made  at  the  laboratory 
of  the  Associated  Portland  Cement  Manufacturers,  Ltd.,  two  or  three  years  ago: — 


Compression  Resistance  of  Concrete  Cubes 


Lei.iihton  Buzzard  Sand  3  :  1 


Breeze  3  :  I 


Bituminous  Coal  3  ;  1 


Pit  Sand  3  :  1 


Lbs.  per  sq.  in. 
12  Months 


5950 
5300 
5625 

30C0 
3000 
3000 

1200 
1200 
1200 

6300 
6800 
6550 


"  BIC  " 


"  BIC  " 


BRITISH 
IMPROVED  CONSTRUCTION  CO.,  LD. 

Telephone  :  4067  Victoria.  Telegrams:  "  Biconcrete,  London." 

47  VICTORIA  STREET.  WESTMINSTER. 


Three  feet  long 


Flat-based  Concrete  Pipes 

to 


Nine  feet  long. 


^^ 


Breeze  Partitions  f 
Reinforced  Sieepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'   DESIGNS  CARRIED  OUT  TO  ORDER. 
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Volume  VII.     No.   10.  LONDON,  OCTOBER,   1912. 

EDITORIAL    NOTES. 


TECHNICAL  EDUCATION  IN  LONDON. 

Ar  this  season  we  receive  the  curricula  of  quite  a  number  of  technical  institu- 
tions where  building-  construction  is  taught,  but  except  in  the  case  of  one  or 
two  of  the  higher -grade  establishments  we  fear  the  stvle  of  education  accorded 
is  more  useful  to  the  artisan,  foreman,  clerk  of  works,  and  the  building 
superintendent  than  to  the  architect  or  to  those  who  intend  to  make  the  building 
side  of  civil  engineering  their  profession. 

Though  excellent  work  is  done  in  the  direction  indicated,  it  would  be  well 
if  the  managers  of  such  institutions  were  to  realise  the  precise  character  of 
I  he  education  thev  offer  and  the  class  they  cater  for,  and  neither  create  illusion 
f<jr  themselves  in  this  respect  nor  for  those  who  provide  the  money  for  these 
institutions.  When  we  see  the  London  County  Council  School  of  Building, 
at  Brixton,  comparing  its  little  structural  engineering  section — a  most  commend- 
able department  in  itself — with  a  similar  department  at  the  great  technical 
school  of  Charlottenburg,  the  former  admirable  institution  invites  ridicule, 
as,  at  its  best,  its  teachings  and  it>  sphere  of  utilitv  is  that  of  i  trade  school  or 
minor  Geiverbeschitle  and  not  in  any  way  on  a  par  with  that  of  a  Techuische 
Hochschide — i.e.,   Imperial  College  of  Science. 

Apart,  however,  from  this  stricture  as  to  the  character  of  the  teaching 
of  the  institutions  who  send  us  their  curricula,  we  would  naturally  congratulate 
such  an  establishment  as  that  of  the  School  of  Building  at  Brixton  upon  their 
foresight  in  according  a  certain  amount  of  time  and  expenditure  to  a  structural 
engineering  section,  so  that  the  coming  generation  of  foremen,  clerks  of  works 
and  building  superintendents  may  be  firmly  grounded  in  the  elements  of  these 
important  subjects.  That  this  Building  School  should  also  devote  a  con- 
siderable amount  of  time  to  questions  of  concrete  and  reinforced  concrete  is 
natural  in  this  age,  and  we  are  glad  that  these  subjects  should  be  accorded  the 
attention  which  they  deserve. 

We  hope  very  much,  however,  that  the  character  of  the  lessons  and 
instruction  given  will  not  be  beyond  the  capacity  of  the  pupils — in  other  words, 
that  the  simplest  of  facts,  so  far  as  thev  are  known,  should  be  presented,  and 
the  simplest  methods  of  practice  be  taught  rather  than  what  we  should  term  the 
obtuse  theories  of  the  subject. 

What  we  here  say  regarding  the  School  of  Building  at  Brixton  ma\  be 
also  taken  to  refer  to  the  Westminster  Technical  Institute,  which  is  also  under 
the  cBgis  of  the  London  County  Council,  and  in  which  we  find  a  course  of 
reinforced  concrete  design  and  two  in  structural  engineering  provided  for. 
Here,  too,  those  who  give  the  tuition  should  be  very  careful  not  to  speak  over 
the  heads  of  their  hearers. 


CHEAP  CONCRETE  BLOCK  COTTAGES.  JCDNQJETE] 

Rcj^nrdins^'  llu'  work  of  thcst'  two  institutions  to  which  we  specially  refer, 
we  are  presenting'  below  that  part  of  their  programme  wliicli  refers  to  the  sub- 
jects with  which  this  journal  is  connected  :  — 

The  L.C.C.  School  of  Building,  Brixtoa. — A  Senior  Day  Technical  School  lias 
been  established  to  provide  instruction  for  students  whose  age  and  previous  education 
are  above  the  age  and  standard  of  education  required  for  admission  to  the  Day 
Technical  School  for  Boys.  The  instruction  is  arranged  in  the  following  sections  : 
(i)  General  Building;  (2)  Architecture;  (3)  Surveying;  (4)  Structural  Engineering. 
The  curriculum  will  include  instruction  in  Building  C'onslruction,  Architectural 
Drawing,  Reinforced  Concrete  and  .Structural  Engineering,  Mechanics  of  Building, 
Chemistry  and  Physics  of  Building  Materials,  and  practical  training  in  Brickwork, 
Masonry,  etc. 

The  lectures  on  drawing  and  design  of  the  Constructional  Sif dwork  of  buildings 
are  given  by  Mr.  A.  R.  Sage,  assisted  by  Mr.  F.  C.  Webster,  A.R.I.B..\.  The  lecturer 
on  ^lechaniics  of  Building  and  .Strength  of  Materials  is  Mr.  A.  R.  Sage,  assisted  bv  .Mr. 
E.  G.  Beck,  A.M.Inst.C.E.,  and  Mr.  .S.  J.  Oxer.  Reinforced  Concrete  and  .Structural 
Engineering  as  .Vpplied  to  Building  are  taught  by  Mr.  H.  Kempton  Dyson,  the  .Secretary 
of  the  Concrete  Imstitute,  assisted  bv  Mr.  R.  Graham  Keevil,  A.M.I.Mech.E.,  and  Mr. 
A.  E.  Crabbe.  The  lectures  on  reinforced  concrete  are  ampilified  by  experiments, 
diagrams,  lantern  slides,  specimens,  models,  and  the  use  oi  testing  plant.  An  endeavour 
will  be  made  to  visit  works  in  course  of  construction  so  as  to  acquaint  students  with 
actual   working  conditions. 

Westmiaster  Technical  Institute. —  In  this  Institute  there  are  two  sections 
devoted  to  structural  engineering,  the  lectures  being  given  by  Mr.  E.  H.  Sprague. 
.Structural  Design  in  Reinforced  Concrete  is  taught  by  Mr.  E.  S.  Andrews,  B.Sc,  on 
Wednesdays  from  7.15  to  9.30  p.m.  This  is  an  advanced  course  of  fifteen  lectures  with 
practice  in  design,  for  civil  engineers  and  others  already  well  grounded  in  the  theory 
of  structural  design.  The  syllabus  is  as  follows  : — The  properties  and  tests  of  concrete; 
the  theory  of  reinforced  beams;  methods  of  calculation  with  examples  of  simple  and 
doubly  reiniorced  beams,  floors  and  T  beams,  simply  supported  and  continuous;  calcu- 
latioms  of  stirrups;  columns  axi.illy  land  eccentrieadly  loaded;  calculations  for  a  concrete 
arch,  reservoirs,  retaining  w  alls,  etc. 

CHEAP    CONCRETE    BLOCK    COTTAGES, 
We  would  call  special  attention  to  some  illustrations  in  this  issue,  which  indicate 
the  use  of  concrete  blocks  and  roofing  materials  in  cottage  work. 

In  our  Frontispiece  is  shown  some  artistic  cottages  at  Talbot's  Inch, 
Kilkenny,  and  on  page  752  there  is  an  article  dealing  with  concrete  agricultural 
cottages  in  Norfolk. 

One  of  the  arguments  against  the  u.se  of  concrete  is  an  absence  of  artistic 
appearance,  but,  although  we  in  no  way  wish  to  say  that  the  artistic  merits  of 
the  buildings  illustrated  could  not  be  materially  improved  upon  without  addi- 
tional expense,  still,  in  the  hands  of  good  designers,  artistic  effect  could  be 
obtained  at  a  small  outlay  of  money. 

We  have  from  time  to  time  referred  to  the  uses  of  concrete  for  cottage 
building,  and  would  again  urge  those  concerned  to  consider  carefully  the 
advantages  of  this  material.  There  Ts  no  doubt  that  in  manv  districts  concrete 
is  eminently  more  economical  than  stone  or  brick.  Its  utility  has  bv  no  means 
.  been  thoroughly  recognised  as  yet,  due  perhaps  to  the  fact  that  the  advent  of 
concrete  for  building  purposes  has  been  much  overshadowed  bv  the  production 
of  reinforced  concrete  systems.  But,  as  a  matter  of  fact,  the  field  for  the 
concrete  block  is  even  greater  than  for  reinforced  concrete.  Its  economical 
advantages  are  equal,  if  not  greater;  and  we  would,  therefore,  again  call 
attention  to.  its  use  for  cottages,  and  suggest  that  the  subject  should  receive 
careful  attention  from  those,  who  have  economic-  problems  of  housing  bcfor;^  them. 

716 


fOr  CONSTEUCTlCSvfAiJ 
1  gENGTNEERlNG  — J 


REINFORCED  CONCRETE  RESERVOIR. 


REINFORCED  CONCRETE 
RESERVOIR   FOR  THE 
EAST   COWES   URBAN 
DISTRICT  COUNCIL. 


Beloiv  will  be  found  a  description  cf  a  large  Reinforced  Concrete  Reserioir  at  East  Cctues, 
"where  this  method  of  construction  ivas  adopted  onving  to  the  great  economy:  io  te  effected  by  its 
use,  and  ive  commend  the  perusal  of  the  article  to  all  public  authorities  concerned  ■with  the 
erection  of  reservoirs  and  other  ivater  ivorks. — ED. 


The  above  Council  have  just  completed  the  construction  of  a  reservoir  which 
will  be  in  all  proba.bility  extensively  duplicated  by  authorities  who  adopt 
scientific  methods  ol  construction. 

Some  months  ago  the  Council  instructed  their  Water  Eng-inecr  and  Sur- 
veyor (Mr.  Albert  K.  Barton,  M.  I.Mun.E.)  to  prepare  plans  for  a  brick 
reservoir  capable  of  holding-  1,000,000  gallons.  Upon  the  completion  of 
these  plans  it  was  found  that  the  cost  was  prohibitive,  and  on  the  recommenda- 
tion of  Mr.  Barton  the  Council  decided  to  construct  it  in  reinforced  concrete, 
the  result  of  which  was  that  the  cost  worked  out  at  considciablv  less  than 
half  the  cost  of  the  brick-built  reservoir. 


External  \iew  showinf^  Buttresses. 
Kkinforced  Concrete  Reservoir  for  the  East  Cowes  Urban  District  Council. 
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REINFORCED  CONCRETE  RESERVOIR. 


iOQNCKEJ^ 


Tenders  were  advertised  for,  several  \vcll-kn')\\  ii  i  (.inlc^rced  connete 
eng-ineering  firms  submitted  desij^'-ns,  and  the  Council,  after  careful  considera- 
tion, adopted  the  "  Kahn  "  Trussed  Bar  System,  submitted  by  the  Trussed 
Concrete   Steel   Co.,    Ltd.,    Caxlon    House,    Westminster. 

The  internal  dimensif)ns  of  the  reservoir  an-  looft.  hv  looft.,  with  a  clear 
height    of     17  It.     1). 'tween    floor    and    roof    slab;    lh(,'    o\  ertlow    pro\ides    for    a 


sjrcoA'ei.pr  fvor  a/-^us 


Half  Plan  and  Sections. 
Reiniorckd  Concrete  Reservoir  for  the  East  Cowes  Urban  District  Coincii.. 

maximum  depth  of  \(^  ft.,  the  total  capacity  beino  1,000,000  g-allons.  The 
reservoir  is  divided  into  two  parts,  having-  a  division  wall  in  the  centre,  which 
can  be  worked   independently   of  each   other. 

The  site  of  the  works  is  a  few  yards  distant  from  the  Ro}al  Naval  College, 
Osborne,  on  the  main  road  between  East  Cowes  and  Newport,  with  a   surface 
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level  of  173  ft.  above  O.D.,  subsoil  stiff,  loamy  gravel.  The  top  soil  to  a 
depth  of  nearly  5  ft.  was  excavated  for  the  reception  of  the  foundations  and 
floor  slabs,  the  materials  excavated  being-  used  to  form  bankings  and  coverino-s 
to   the  portions   above  g^round. 
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Sections. 
Reinforced  Concrete     Reservoir  for  the  East  Cowes  Urisan  District  Council. 

The  floor  slab  consists  of  6  in.  concrete  interlaced  with  |-in.  rib  bars, 
spaced  in  both  directions  at  14-in.  centres. 

The  wall  slabs  between  vertical  buttresses  or  piers  have  horizontal  rein- 
forcing- bars  spaced  4  in.    to    12   in.    apart  at  varying  heights   from  the  bottom 
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pi-oporlionalc  to  the  pressure;  \hv  verticil  b;irs  :irc  placc-d  in  the  centre  of  the 
bay,  tlie  panels  and  pit  rs  art  ilush  on  the  inner  side.  The  centre  division  wall 
has  the  panel  in  the  cenlre  of  piers;  the  thi(kn<-ss  of  the  slab  is  from  5  in.  at  the 
lloor  level  to  -|  in.    at   tin    to]). 

The  roof  slab  is  ;,  in.  tliuk,  with  ^-in.  cup  bar,  loA-in.  centres,  the  maxi- 
mum size  of  slal)  clear  of  l)rams  belni^'  5  ft.  by  K.  ft.  S  in.;  12  in.  of  surface 
soil  is  placed  on  the  top,  with  the  usual  ventilators  for  each  bay. 


The  east  and  west  outer  walls  consist  of  seven  20  in.  by  12  in.  vertical 
buttresses  reinforced  with  "  Kahn  "  trussed  and  cup  bars,  opposite  the  cross 
line  of  columns,  and  twelve  24-in.  by  9-in.  intermediate  buttresses,  all  standing? 
upon  a  continuous  beam  24  in.  by  10  in.,  into  which  the  roof  beam  and  slab  tic 
bars    are   hooked. 

Tlu-  remainiiii,-  outer  walls  are  constructed  in  a  similar  manner  with  mne- 
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ill   ^hihs  between  ;  no  cross 


teca  24-in.  bv  cj-in.    buUrcsses  mmI  4-in.    lo  5-in.    wai 
beam  at  head  is  required. 

The  dividing  wall  is  formed  of  five  27-in.  by  12-in.  and  twelve  25-in.  by  12-in. 
vertical  buttresses  of  similar  construction  t;j  last,  with  5-in.  to  4-in.  slab 
spanning^  between  these  buttresses. 


The  maleriak  used  consist  of  "  Needles  "  shingle  and  sea  sand  mixed 
with  best  Portland  cement,  from  the  Newport,  I.W.,  Branch  of  the  Associated 
Portland  Ccm.ent  Co.'s  manufacture,  the  principal  portions  beings  five  parts 
shingle  (i  mesh)  and  clean,  sharp,   sea  sand  t(j  one  part  of  Portland  cement. 

The  internal  walls  are  coated  with  i  in.  of  cement  rendering-  gauged 
three  sand  and  one  cement,  and  mixed  with  "  Ceresit  "  waterproofing  composi- 
tion;  the    tendering    is    done    in   three   coats    and    finished    with    plain    floated 

surface. 

Messrs.  W.    H.    Brading  &  Son,   East  Cowes,   I.W.,  were  the  contractors. 
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We  are  publishing  in  this  issue  some  further  papers  nvhich  ivere  presented  at  the  recent 
Congress  in  Neiv  York  of  the  International  Association  for  Testing  Materials.  — ED. 


THE  BOILING    TEST  AND    THE  VOLUME    CONSTANCY   OF 
PORTLAND   CEMENT  IN   DRY   STORAGE. 

By   Professor  F.   SCHULE,  Zurich. 

TiiK  Swiss  standard  specificatiuns  for  testing  hydraulic  cements  demand,  in  addition 
tu  the  cold-water  test,  accelerated  tests  for  the  constancy  of  volume.  In  the  case  of 
Portland  cement  the  hot-water  test  at  ioo°  C  affords  a  characteristic  criterion  when- 
over  the  cement  is  to  be  used  in  a  dry  atmosphere,  which  is  the  usual  case  with  rein- 
lorced  concrete  superstructures. 

In  his  fundamental  investigations  of  hydraulic  cements  L.  von  Tetmajer  left 
nothing  undone  to  determine  the  value  of  accelerated  tests,  especially  of  the  boiling 
test.  We  owe  it  to  him  that,  since  the  eighties,  cement  briquettes  have  been  preserved 
in  Zurich,  after  setting  in  damp  air,  for  years  under  water  and  in  drv  air,  and  that 
periodical  revisions  have  been  held  in  order  to  determine  the  reliability  of  the 
accelerated  tests  for  constancy  of  volume.  Up  till  1892  he  has  himself  published  the 
results  of  those  revisions.  The  subsequent  re-examinations  have  likewise  confirmed 
the  reliability  of  the  boiling  test  as  an  accelerated  method  for  determining  the 
constancy  of  volume  of  Portland  cement  when  exposed  to  the  drv  atmosphere. 

Investigations. — In  the  period  1893  to  1902,  2,200  Portland  ceme»nts  have  been 
examined  at  Zurich.  Of  these  9  were  found  blowing  and  had  developed  expansion 
cracks  after  28  days  under  water,  193  cements  had  not  stood  the  boiling  test,  and  of 
these  : 

145  were  soft  and  exhibited  many  reticulated  cracks; 
48  had  decayed. 
After  being  kept  in  dry  air  the  re-examination   up  to   1908  showed  that 
100  had  turned  blowing  and  soft ; 
29  had  decayed. 
A  total  of  129 — that  is,  67  per  cent. — of  the  cements  which  had  not  stood  the  boiling 
test. 

In  the  interval  1903  to  1908,  1,737  Portland  cements  have  been  examined.  The 
subjoined  table  gives  the  results  of  the  boiling  test,  the  cold-water  test,  and  of  the 
revision  of   19 10  for  the  separate  years. 

We  see  that  84  cements  have  not  stood  the  boiling  test.  Of  these  57  exhibited 
reticulated  cracks  and  were  soft,  and  27  had  decayed — -that  is,  4-9  per  cent,  of  the  total. 
The  revision  of  1910  proved  25  cements  to  be  doubtful,  10  had  decayed;  thus  35 
had  deteriorated  by  exposure  to  air,  which  means  41 '7  per  cent,  of  the  cements  which 
had  not  stood  the  boiling  test.  Of  the  other  cements  none  had  decayed,  eight  were 
doubtful,  one  was  soft  and  reticulated — a  total  of  nine,  or  o"52  per  cent,  of  those 
which  had  stood  the  boiling  test. 
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The  importance  of  the  boiUng  test  is  clearly  brought  out  by  these  figures. 
The  inferior  cements  were  not  all  products  of  faulty  composition,   which  would 
be  revealed  by  low  strength  and  by  blowing  during  the  cold-water  test ;  there  were 
also  some  products  of  standard  composition,  and  in  their  case  the  cause  of  the  decay 
in  air  should  be  inquired  into. 

Under  water,   hardening  results  by   the  binding   of  an   amount   of   water,   which 
increases  with  time.     .After  one  year  the  chemical  analysis,  if  we  take  the  means  of 
three  good  Portland  cements,  will  show  : 
1 1 '5 1  per  cent,  of  bound  water; 
3'35  per  cent,  of  carbonic  acid. 
In  the  air  the  same  cements  will  yield  the  following  results  : 

after  3  days.     7  days.         2S  davs.         i  vear. 

bound  water,  per  cent 6*29  7-17  S'og  5-97 

carbonic  acid,  per  cent 3-50  3-49  3-95  7-71 

These   changes   continue.     Faultless   cements    will,    according   to   Tetmajer,    show 
the  following  averages  of  15  analyses  after  several  years  : — 

Results  of  the  Revision  of  1910,  Volume  Constancy  of  Portland  Cements 

1903  TO  1908. 
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stored    under    water       io'44  per  cent.  2-61  per  cent. 

stored  in  the  air     2'95  per  cent.  i2'77  per  cent. 

whilst  blowing  cements  will  3'ield  (averages  of  15  or  20  analyses  respectively)  : 

stored  under  water     ii'i9percent.  i-6opercent. 

stored  in  the  air     3'59  per  cent.  9'88  per  cent. 

An  essential  difference  in  the  behaviour  of  the  two  classes  of  cements  cannot  be 
recognised.  In  the  atmosphere  the  percentage  of  bound  water  diminishes  graduallj'', 
while  the  percentage  of  the  carbonic  acid,  which  combines  with  the  liberated  lime,  is 
increasing.  The  strength  of  the  material  changes  in  accordance.  Plastic  samples 
of  a  1:5  mortar  showed,  after  two  years  and  a  half,  when  hardened  in  the  air  and 
under  water,  the  ratios  : 

o-6i  for  the  bending  strength, 
0-54  for  the  compression  strength. 
The  Portland  cement  used  in  these  experiments  was  found  sound  in  the  boiling 
test.  We  may  imagine  that  these  ratios  will  become  very  small  in  the  case  of 
mortars  and  concretes  made  from  cements  which  had  not  stood  the  boiling  test,  nor 
had  been  able  to  withstand  the  chemical  reactions  which  are  to  be  expected  in  such 
cases. 
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The  boiling  test  has  apparently  little  importance  for  buildings  and  structures 
which  are  in  the  open,  or  under  water,  or  exposed  to  a  damp  atmosphere.  For  parts 
of  buildings,  however,  which  are  to  remain  in  dry  air,  the  boiling  test  will  afford 
valuable  information  as  to  the  reliability  of  the  cement. 

Cements  which  turn  soft  during  the  boiling  test  or  which  decay  should  be  excluded 
from  the  latter  kind  of  buildings,  though  detrimental  influences  may  not  become 
apparent  within  the  first  years.  In  the  opinion  of  the  author  the  whole  future  of 
reinforced  concrete  superstructures  is  dependent  upon  the  use  of  cements  such  as  will  not 
undergo  a  slow  destruction  by  exposure  to  air.  The  accelerated  boiling  test  at  ioo°  C 
supplies  us  with  a  reliable  means  of  eliminating  doubtful  cements. 


TESTS   FOR  CONCRETE. 

By  CLOYD   IVl.  CHAPMAN,   New   York. 
Testing  Ennineer  for  the  firm  of  Westitighoiise.  Church,  Kerr  &  Co. 

The  art  and  the  science  of  using  concrete  have  developed  so  rapidly  during  the 
past  score  of  years,  and  to-day  this  material  is  used  for  so  many  purposes  and  under 
such  a  multitude  of  conditions  by  operators  having  such  varying  degrees  of  know- 
ledge of  the  work,  that  one  cannot  but  question  the  adequacy  of  the  present 
supervision  of  the  concrete  produced. 

With  all  the  wonderful  growth  of  the  industry  and  its  rapid  advance  into  new 
fields,  there  is  no  recognised  standard  test  or  specification  now  in  use  for  concrete. 

The  prescribed  standard  laboratory  tests  for  the  cement  and  the  aggregate  may 
be  carefully  and  accurately  carried  out,  and  may  show  the  materials  to  be  good  for 
the  purpose,  yet  if  the  workmanship  is  not  equal  to  the  materials  the  result  will  be 
disappointing.  A  test  of  the  concrete  after  it  is  made  is  the  only  means  of  knowing 
the  quality  of  the  work  done. 

It  is  hardly  possible  that  a  single  test  or  specification  should  be  applicable  to  all 
concrete,  but  it  would  seem  that  it  is  indeed  time  that  steps  be  undertaken  to  develop 
a  standard  test  for  concrete  in  foundations,  bridges,  dams,  buildings,  and  similar 
work. 

It  is  the  purpose  of  this  paper  to  enumerate  some  of  the  \arious  forms  ^of  test 
which  might  be  applied  to  such  concrete,  in  the  hope  that  the  ensuing  discussion  may 
lead  to  further  action  in  the  direction  of  securing  the  development  and  adoption  of 
some  form  of  test  which  will  show  the  quality  of  the  concrete  which  enters  into 
such  important  structures. 

This  paper  does  not  advocate  the  adoption  of  any  particular  one  of  the  tests 
mentioned,  Some  of  them  are  not  worthy  of  serious  consideration.  But  a  standard 
test  is  needed  very  urgently,  and  from  among  the  following  forms  of  tests  there 
should  be  developed  a  test  which  could  be  relied  upon  to  give  a  fairly  accurate  indica- 
tion of  the  quality  of  the  concrete  in  a  finished  piece  of  construction. 

Moulded  Specimen  Compression  Test. —  A  method  of  test  which  may  be  called 
the  "  Moulded  Sptcimen  ("omprtssion  Test  "  is  already  used  to  some  extent,  although 
there  seems  to  be  little  uniformity  in  the  details  of  the  test  as  carried  out  by  various 
engineers.  It  consists  in  making  in  the  field,  at  the  site  of  the  work,  from  concrete 
which  is  being  placed  in  the  forms,  one  or  more  specimen  cubes,  prisms,  or  cylinders, 
which   are   subsequently  crushed  in  a  compression   machine. 

The  form  and  size  of  these  test  specimens  \arv  greatly.  Cubes  from  2  in.  to 
12  in.  on  a  side,  and  cylinders  from  6  in.  to  12  in.  in  diameter  are  used,  while  the 
length  of  specimens  varies  from  2  in.  to  18  in.  1  hi-  moulds  used  vary  from  rough 
wood  boxes  to  accurately  machined  metal  forms.  When  rough  wood  moulds  are  used 
they  frequently  perform  the  additional  service  of  packing-boxes  in  which  the  specimen 
is  shipped  to  the  laboratory  for  test. 
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Among  the  advantages  of  this  form  of  test  are  : — The  ease  with  which  the  speci- 
mens are  prepared  in  the  field,  and  the  accuracy  with  which  the  strength  of  the 
specimen  may  be  determined  in  the  laboratory.  Among  its  disadvantages  are  : — The 
concrete  tested  is  not  the  concrete  which  is  in  the  structure,  the  specimen  set  and 
hardened  under  conditions  not  identical  with  those  of  the  structure,  and  the  specimen 
may  not  truly  represent  the  equality  of  the  concrete  in  the  remainder  of  the  structure. 

In  order' that  the  results  obtained  from  tests  made  by  any  method  may  be  more 
uniform,  and  that  results  obtained  by  one  party  may  be  comparable  directly  with 
those  obtained  by  others,  it  is  necessary  that  methods  and  conditions  shall  be  standard 
as  regards  those  matters  which  affect  the  results.  To  this  end  it  would  be  neces- 
sary to  define  the  following  details  for  this  form  of  test  :  (i)  The  form  of  the  specimen  ; 
(2)  the  size  of  the  specimen;  (3)  the  method  of  moulding  the  specimen;  (4)  the  method 
of  storing  the  specimen  until  tested ;  (5)  the  age  at  which  the  specimen  shall  be  tested ; 
and  (6)  the  method  of  testing  the  specimen. 

Moulded  Specimen  Tension  Test. — A  second  method  which  may  be  used  is  a 
modification  of  the  one  just  described,  and  differs  from  it  in  that  the  specimen  is 
tested  in  tension  instead  of  compression.  Tn  general  this  method  has  the  same 
advantages  and  disadvantages  as  the  first-mentioned  test,  except  that  there  is  liable 
to  be  greater  dif^culty  in  securing  an  even  distribution  of  stresses  throughout  the 
cross-section  of  the  specimen  in  the  tension  test  than  in  the  compression  test.  The 
details  of  the  test  which  would  recjuire  standardising  are  practically  the  same  as 
those  for  the  compression  test. 

Cut  Specimen  Test. — A  third  method  is  one  which  has  also  been  to  some  extent, 
particularly  on  old  concrete,  or  on  concrete  taken  from  structures  which  have  failed 
or  been  subjected  to  extreme  conditions,  such  as  fires,  flood,  etc.  This  method  may 
be  called  the  "  Cut  Specimen  Test,"  and  consists  in  cutting  from  the  mass  of 
concrete  a  specimen  in  the  form  of  a  cube,  prism,  or  cylinder  (by  means  of  core  drill 
or  otherwise),  which  is  afterwards  crushed  in  a  compression  machine. 

The  size  and  form  of  the  specimens  taken  for  this  test  also  vary  within  wide 
limits,  but  the  specimens  are  often  rather  small,  because  of  the  difficulty  of  cutting. 

Among  the  advantages  of  this  method  are  : — The  specimen  tested  is  a  part  of 
the  structure ;  the  specimen  set  and  hardened  under  the  same  conditions  as  the 
remainder  of  the  structure ;  and  any  portion  of  the  completed  structure  may  be  tested, 
unless  reinforcement  interferes.  Among  its  disadvantages  are  : — The  difficulty  in 
cutting  out  a  suitable  specimen  ;  the  objection  to  cutting  into  new  work  and  patching 
up  the  hole  left ;  the  impossibility  of  cutting  out  a  suitable  specimen  from  certain 
very  important  parts  of  some  structures  on  account  of  the  network  of  reinforcement ; 
and  the  possibility  of  weakening  the  specimen  when  it  is  removed  by  drilling  around  it. 

The  details  of  this  test  which  it  would  be  necessary  to  standardise  to  make  results 
comparable  are  :  (i)  The  size  of  the  specimen  ;  (2)  the  form  of  the  specimen  ;  (3)  the 
method  of  removing  the  specimen  from  the  structure ;  (4)  the  age  at  which  the 
specimen  shall  be  removed ;  (5)  the  method  of  storing  the  specimen  between  the  time 
of  removal  from  the  structure  and  testing ;  (6)  the  age  at  which  the  specimens  shall 
be  tested;  and  (7)  the  method  of  testing  the  specimen. 

Penetration  Test— A  f(Rirth  method  may  be  called  the  "  Penetration  Test."  In 
its  crudest  form  it  consists  in  attempting  to  drive  a  nail  of  a  given  size  into  the 
concrete  at  a  fixed  time  after  moulding,  noting  whether  the  nail  can  be  driven  in  or 
whether  it  bends  before  penetrating  to  its  full  length. 

This  test  has  had  very  little  application.  Its  chief  advantage  is  its  simplicity, 
and  its  greatest  drawback  is  its  total  lack  of  accuracy.  Little,  if  any,  consideration 
need  be  given  this  test  in  the  form  described  above. 

Indentation  Test. —  A  modification  of  the  penetration  test  which  might  be  applied 
to  concrete  is  similar  to  that  employed  to  compare  the  hardness  of  metals.  It  may 
properly  be  called  the  "  Indentation  Test."  It  consists  in  driving  a  hard  body  of 
some  more  or  less  pointed  form  into  the  surface  of  the  material  under  test  by  means 
of  impact  or  pressure  and  measuring  accurately  the  penetration  of  the  body  into  the 
surface  being  tested. 

This  test  has  not  been  used  for  concrete,   so  far  as  we  know,   and   the  value  of 
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the  results  to  be  Dbuiined  is  therefore  jM-ublemalical.  .\nu)n.<4  its  advantages  are: — 
The  concrete  tested  is  a  part  of  the  structure;  it  has  set  and  hardened  under  identical 
conditions  with  the  remainder  of  the  structure-;  any  portion  of  the  surface  of  the  struc- 
ture which  is  accessible  may  ue  tested;  the  same  concrete  may  be  tested  at  different  ages 
as  it  hardens ;  simplicity  of  the  apparatus  and  the  test.  Among  its  drawbacks  are  :— The 
concrete  is  tested  at  restricted  spots  on  .the  surface,  and  not  in  a  mass  ;  doubt  as  to 
proper  meaning  of  the  results  obtained  until  long  experience  has  taught  how  to 
interpret  them  ;  the  heterogeneous  character  of  concrete  making  it  necessary  to  test 
in  many  places  to  gain  a  fair  average ;  and  only  the  surface  concrete  is  tested. 

For  this  lest  the  following  details  should  be  standardised  before  results  could  be 
comparable  : — (i)  The  exact  form  and  size  of  the  penetrating  body  ;  (2)  the  amount  of 
pressure  or  size,  and  number  of  impacts  to  be  used  in  driving;  (3J  the  method  of 
applying  the  pressure  or  blows ;  (4)  the  method  of  measuring  the  penetration. 

Duplicate  Member  Test.— A  method  which  has  been  used  in  some  few  instances 
on  very  important  work  may  be  called  the  "  Duplicate  Member  Test."  It  consists 
in  moulding,  at  the  same  time  as  the  main  structure,  a  duplicate  (including  reinforce- 
ment), or  a  portion  such  as  a  beam,  girder,  slab,  or  arch,  and  loading  this  specimen 
to  its  breaking  point  after  it  has  attained  a  certain  age.  This  method  is  sometimes 
carried  out  on  models  of  members  something  less  than  their  full  size  in  the  structure. 

Some  of  its  advantages  are  : — The  concrete  is  tested  under  conditions  of  stress 
similar  to  those  in  the  structure ;  it  serves  as  a  check  on  the  adequacy  of  the  design  ; 
it  develops  the  weak  spot  by  its  manner  of  failure ;  and  the  concrete  tested,  if  proper 
care  is  taken,  may  set  and  harden  under  very  nearl)^  the  same  conditions  as  the 
structure.  Its  chief  disadvantages  are  : — The  concrete  tested  is  not  the  concrete 
in  the  permanent  structure;  the  concrete  tested,  if  proper  care  is  not  taken,  may  not 
set  and  harden  under  the  same  conditions  as  the  structure  ;  and  the  test  is  expensive 
of  time,   labour,   and  material. 

To  compare  results  obtained  by  this  test  the  following  details  would  have  to  be 
standardised  : — (i)  The  method  of  preparing  the  test  member ;  (2)  the  method  of 
storing  the  test  member;  (3)  the  method  of  testing  the  test  member;  and  (4)  the 
method   of  interpreting  the  results. 

Standard  Member  Test. — Another  form  of  test  which  has  been  used,  a  modifica- 
tion of  the  duplicate  member  test,  consists  in  moulding  and  testing  a  standard  beam 
having  standard  reinforcement,  which  beam  and  reinforcement  are  not  duplicates 
or  models  of  any  beam  in  the  structure.  This  method  may  be  called  the  "  Standard 
Member  Test."  It  has  been  advocated  and  used  by  Von  Emperger,  of  Vienna. 
In  this  test  beams  of  uniform  size  and  shape,  reinforced  in  a  uniform  manner,  are 
made  up  with  the  concrete  being  used  on  the  work.  After  ageing,  the  beams  are 
loaded  to  failure,  and  from  the  data  obtained  the  strength  of  the  concrete  is  computed 
by   means  of  established  formula. 

The  chief  advantages  of  this  form  of  test  are  : — The  concrete  is  tested  under 
conditions  of  stress  very  similar  to  those  it  is  called  on  to  resist  in  a  reinforced 
structure;  with  proper  care  the  concrete  may  set  and  harden  under  conditions  very 
similar  to  those  existing  in  the  structure;  and  the  apparatus  required  and  the  test 
are  comparatively  simple.  Some  of  the  disadvantages  of  this  test  are  : — The  concrete 
tested  is  not  the  concrete  in  the  structure  ;  and  unless  proper  care  is  takeji  the  concrete 
may  set  and  harden  under  very  different  conditions  from  those  existing  in  the 
structure. 

The  following  details  require  standardisation  : — (i)  The  form  and  size  of  the  test 
beam  ;  (2)  the  method  and  details  of  reinforcement ;  (3)  the  method  of  moulding  the 
beam;  (4)  the  method  of  storing;  (5)  the  age  of  breaking;  (6)  the  method  of  loading; 
and  (7)  the  interpretation  of  results. 

Tensile  Test—An  eighth  form  of  test  for  concrete  in  place  has  been  used  in  at 
least  one  case  in  this  country.  It  may  be  called  "  Tensile  Test,"  and  consists  in 
embedding  in  the  concrete  when  it  is  placed  in  the  forms  pieces  of  metal  of  deformed 
shapes,  which  are  afterwards  pulled  out  of  the  surface  in  such  a  manner  that  the 
force  required  to  extract  the  metal  is  measured. 

This  test  has  been  carried  out  by  embedding  a  few  inches  of  the  end  of  a 
deformed  reinforcing  rod  in  the  concrete  and  after  a  certain  period  of  time  pulling  out 
the  bar  with  a  lever.     The  crudeness  of  this  form  of  test  is  so  evident  that  no  fu"rther 
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consideration  will  be  given  it  at  this  time.  It  serves,  however,  to  suggest  more 
practical  forms  of  tests,  and  is  mentioned  here  only  for  that  reason. 

Improved  Tensile  Test.  — An  improvement  over  this  method  consists  in  using  in 
place  of  pieces  of  deformed  reinforcing  bars  a  metal  body  of  such  design  that  in  with- 
drawing it  there  would  be  no  possibility  of  the  bond  between  metal  and  concrete 
yielding   in  place  of  the  concrete   itself. 

The  chief  advantages  of  this  form  of  test  are  : — The  concrete  tested  is  a  part  of 
the  structure;  it  has  set  and  hardened  under  the  same  conditions  as  the  structure; 
the  test  may  be  applied  to  almost  any  accessible  predetermined  part  of  the  surface 
of  the  structure ;  and  the  test  is  simple  and  easy  to  perform.  Among  its  disadvantages 
are  : — Only  previously  selected  points  which  have  been  prepared  while  the  concrete 
was  being"  placed  can  be  tested ;  there  will  be  doubt  as  to  the  proper  interpretation 
of  the  results  obtained  until  after  long  experience  in  the  use  of  the  test ;  and  the 
difficulty   of   measuring   accurately   the   area   of   the    cup-shaped    fracture. 

For  this  test  the  following  details  would  have  to  be  standardised:; — (i)  The 
form  and  size  of  the  metal  body  ;  (2)  the  depth  to  which  it  is  embedded  ;  (3)  the  method 
of  embedding;  (4)  the  method  of  drawing  the  body;  and  (5)  the  method  of  interpreting 
results. 

Modified  Tensile  Test. —  A  slight  modification  of  this  "  Tensile  Test  "  will 
overcome  some  of  these  objections,  and  constitutes  a  tenth  form.  The  modified  test 
consists  in  drilling  a  hole  in  the  surface  of  the  concrete  wi'iich  is  larger  at  its  bottom 
than  at  the  entrance.  Into  this  hole  is  securely  bedded  a  metal  plug,  which  is  then 
extracted  as  in  the  Tensile  Test. 

The  chief  advantages  of  this  form  of  test  are  : — The  concrete  tested  is  a  part 
of  the  structure;  the  concrete  tested  has  set  and  hardened  under  the  same  conditions 
as  the  structure ;  any  accessible  portion  of  the  surface  of  the  structure  may  be  tested ; 
and  the  test  is  simple  and  easy.  Among  its  disadvantages  are  : — Doubt  as  to  the 
proper  interpretation  of  results,  and  the  difficulty  of  measuring  the  area  of  the  cup- 
shaped  fracture. 

For  this  test  the  following  details  require  standardising: — (1)  The  method  of 
drilling  the  hole;  (2)  the  method  of  embedding  the  metal  body;  (3)  t!ie  form  and  size 
of  the  metal  body  ;  (4)  the  method  of  withdrawing  the  body  ;  and  (3)  the  method  of 
interpreting  the  results. 

Otlier  Tests.  —  There  are  still  other  methods  which  might  give  indications 
of  the  quality  of  finished  concrete  : 

An  "  Absorption  Test,"  indicating  the  density  of  the  mass;  and  a  "  Deformation 
Test,"  in  which  the  deformation  of  a  member  in  a  structure  under  known  loads  is 
accurately  measured  with  delicate  instruments. 

Even  these  twelve  methods  enumerated  probably  do  not  cover  the  entire  available 
material  at  our  disposal.  Such  is  not"  the  purpose  of  this  paper.  Its  principal  aim 
is  to  point  out  that  there  is  a  variety  of  tests  which  might  be  used,  and  to  urge 
the  necessity  of  the  adoption  of  some  method  or  other  as  a  standard. 

The  writer  does  not  advocate  any  particular  method,  nor  does  he  believe  that 
any  one  of  those  mentioned  is  perfect.  Yet  it  is  so  important  that  we  have  some 
kind  of  a  test  for  finished  work  which  shall  be  accepted  as  a  standard  that  it  seems  the 
duty  of  this  Congress  to  take  some  definite  step  towards  that  end. 

ACCELERATED  TESTS  FOR  CONSTANCY   OF  VOLUME 

OF  CEMENT. 

Report  on  the  Principal  Question  by  BERTRAM  BLOUNT,  London. 

Since  the  time  when  the  use  of  accelerated  tests  for  determining  the  constancv  of 
volume  of  cement  became  common,  a  very  large  number  of  experiments  have  been  made 
by  many  different  operators,  and  have  shown  that,  although  it  is  possible  that  some 
cement  may  fail  to  comply  with  such  tests  and  yet  be  stable  under  working  conditions, 
yet  no  case  has  arisen  where  a  cement  w'hich  has  complied  with  these  tests  has  failed 
under  working  conditions  from  w^ant  of  constancy  of  volume. 

I  conclude  that  this  mode  of  testing  is  of  high  utility  and  that  its  omission  from 
any  code  of  testing  renders  that  code  imperfect  and  obsolete.     Sujjport  for  this  belief 
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is  afforded  by  the  fact  tliat  in  this  country  manufacturers  and  users  alike  ha\e  accepted 
it  generally,  and  have  used  it  re|:(ularly  as  a  means  of  control  to  their  joint  satisfaction, 
both  parties  recognising  that  by  this  means  they  avoid  many  causes  of  dispute  as  to 
quality,  and  acquire  a  valuable  safeguard  against  latent  defects  which  in  the  course 
of  time  may   lead   to  seiious  structural   disasters. 

In  order  to  show  that  the  growth  of  understanding  between  the  manufacturer 
and  the  user  has  been  progressive,  I  have  tabulated  some  figures  obtained  during  the 
last  eight  years,  bv  the  Le  C'hatdicr  test,  and  append  ihcni  to  this  rcijorl.  It  will  be 
seen  that  since  the  British  Sland^ard  Specification  was  officially  promulgated  in  this 
country  the  requirements  as  to  constancy  of  \olume  have  been  made  more  stringent, 
and  at  the  present  time  the  maximum  permissible  expansion  of  cement  tested  by  the 
Le  Chatelier  method  is  fixed  at  io"o  mm.  There  has  been  no  difficulty  in  obtaining 
cement  complying  easily  with  this  requirement,  and  many  manufacturers  habitually 
produce  a  cement  the  expansion  of  which  falls  well  below  this  limit. 

The  idea  that  the  cement  made  in  other  countries  falls  short  of  the  quality  of 
that  produced  in  the  United  Kingdom  would  not  be  entertained  by  any  responsible 
person,  and  the  conclusion  that  such  cement  is  capable  of  passing  a  rigorous 
accelerated  test  for  constancy  of  volume  is  consequently  irresistible. 

Having  regard  to  the  substantial  practical  advantages  which  the  use  of  a  simple 
and  reliable  test  of  this  class  has  been  found  to  possess  during  a  period  of  probation 
extending  over  years,  in  the  course  of  which  it  has  aided  in  controlling  the  acceptance 
and  employment  of  a  good  many  million  tons  of  cement,  I  am  of  opinion  that  the 
international  adoption  and  general  use  of  such  a  test  will  prove  to  be  of  the  highest 
value  to  a  great  and  growing  industry,  and  should  receive  the  support  of  all  con- 
cerned Vvith  that  industry,  whether  as  manufacturers,  users,  or  technologists. 

Le  Chatelier  Tests  ox  samples  of  Portland  Cement. 
Summary. 
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11. 

ON  THE  TESTING  OF  HYDRAULIC  BINDING  MEDIA. 

By  J.   BIED,  Viviers   (Ardeche). 

I. 

During  the  last  twenty  years  or  so,  hot  water  tests  have  been  currentlv  applied  to 

hydraulic  binding  media  in  France,   and  the  employment  of  the  Le  Chatelier  needle 

cylinder   apparatus   for   this   purpose   has   been   absolutely   general   and    free    from   anv 

objection. 

II. 
Having  read  with  a  fair  amount  of  attention  tn.e  publications  on  this  subject,  I 
think  that,  leaving  out  of  consideration  the  question  of  knowing  whether  or  not  the 
expansion  in  cold  water  previous  to  immersion  in  hot  wator  should  bo  disregarded— 
which  point  is  quite  independent  of  the  test  itself— the  objections  urged  against  the 
Le  Chatelier  hot  test  can  be  reduced  to  three : 
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(a)  The  test  would  lead  to  the  rejection  of  cements  which  would  have  behaved  well 
111  cold  water; 

{b)  if  the  tests  be  applied  immediately  after  grinding,  it  will  lead  to  the  passing 
of  cements  which  would,  on  the  contrary,  be  rejected  if  the  test  were  not  applied  until 
after  aeration  for  a  fortnight  or  a  month  ; 

(c)   finally,  the  test  lacks  precision,  and  furnishes  lesults  deficient  in  concordance, 
when  employed  in  the  same  or  in  different  laboratories. 
These  three  objections  will  now  be  examined  in  turn. 

III. 
The  Le  Chatelier  test  is  likely  to  cause  the  rejection  of  good  cements. 
Here  it  is  at  once  necessary  to  state  the  case  properly,  which  does  not  seem  to  have 
been  done. 

From  a  general  point  of  view,  the  reproach  is  perhaps  well  founded,  for  I  have 
kept  in  my  laboratory  for  several  montJis  specimens  of  cements  which  gave  an  expan- 
sion of  50  mm.  under  the  Le  Chatelier  test  without  exhibiting  anv  trace  of  expansion 
in   cold  water. 

If,  however,  one  takes  up  the  point  of  view  of  the  consumer,  the  reproach  is 
unfounded,  for  the  two  following  reasons  r 

(a)  The  Le  Chatelier  test  seems  to  eliminate  all  bad  cements;  and  this  is  the  main 
tiling. 

(fe)  Any  manufacturer  who  knows  his  business  can,  without  any  sensible  addition 
to  the  cost  of  production,  make  cements  that  will  pass  the  Le  Chatelier  test. 

Though  it  is  not  my  place  to  point  out  what  means  should  be  adopted  to  attain  this 
result,  I  am  certain  that  many  manufacturers,  and  those  not  the  least  important,  will 
1>_'  entirely  of  my  opinion. 

Under  these  conditions  the  question  of  knowing  whetlier  the  Le  Chatelier  test 
eliminates  certain  good  cements  should  not  even  be  mentioned  by  cement  makers.  The 
consumers  are  the  best  judges  of  the  guarantees  with  which  they  should  surround 
themselves,  whilst  the  only  part  the  manufacturers  should  piny  is  to  advise  consumers 
on  the  possibilities  of  manufacture. 

In  the  present  instance,  however,  it  is  possible,  without  increase  of  cost,  to  manu- 
facture a  cement  which  will  satisfy  the  Le  Chatelier  tests;  and  it  is  for  the  consumers 
alone,  and  not  the  manufacturers — one  would  think — tc  take  up  the  matter. 

IV. 

It  would  seem,  a  priori,  that  the  fact  that  cements  which,  though  non-expanding 
when  freshly  ground,  expand  after  aeration,  is  due  to  the  action  of  the  added  calcium 
sulphate  on  the  calcium  aluminate  present  in  the  cements. 

A  long  time  ago  Candlot  showed  that  cements  which  are  retarded  by  the  addition 
of  gypsum  resume  their  quickness  of  setting  after  being  aerated. 

According  to  Camerman,  this  little  recognised  phenomenon  is  the  real  cause  of 
numerous  accidents. 

'A  check  specimen  of  the  silicious  cement  was  mixed  with  i,  2,  3,  and  5  per  cent, 
of  its  own  weight  of  gypsum.  The  Le  Chatelier  test  was  applied  immediatelv  after 
mixing,  and  also  after  storage  foj"  fifteen  days  in  the  open  air. 

Eight  cylindrical  test  pieces  were  prepared  from  each  product,  and  all  the  moulds 
were  new  and  from  the  same  source.  After  being  made,  they  were  kept  in  water  at 
17  deg.  C.  for  twenty-four  hours,  between  two  sheets  of  glass,  and  then  immersed  in 
cold  water  in  a  water  bath,  the  temperature  of  which  was  raised  to  95  deg.  C.  in  half 
an  hour,  and  maintained  thereat  for  four  and  a  half  hours. 

Results  indicate  that  aeration  lessens  the  expansion  of  the  check  specimen  and  of 
the  cements  containing  i  and  2  per  cent,  of  added  gvpsum,  but  increases  the  expansion 
of  the  test  pieces  with  3  and  5  per  cent,  of  gvpsum. 
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The  increase,  however,  is  too  small  for  llic  oxperimonts  to  be  considered  decisive, 
and  they  consequently  need  to  be  completed. 

V. 

The  third  objection  urged  against  the  Le  Chatelier  test  is  lack  of  precipion. 

It  would  perhaps  be  interesting  in  the  first  place  to  define  what  is  to  be  understood 
by  precision.  There  is  no  doubt  that  the  Le  Chatelier  test  does  not  attain  the  precision 
sought  and  obtained  by  Regnault  in  his  experiments  j  but  that  it  is  not  at  least,  quite 
as  accurate  as  the  other  customary  tests  applied  to  hydraulic  binding  media  remains  to 
be  proved. 

After  a  series  of  tests  carried  out  with  new  moulds  from  the  same  source,  we  have 
Investigated  successively : 

(a)  The  influence  of  the  width  of  the  shoulders  by  whicii  the  needles  are  fixed  on 
the  test  pieces ; 

(fe)  The  influence  of  the  age,  or  degree  of  wear,  of  the  moulds; 

(c)  The  influence  of  tlie  method  of  storage ; 

(d)  The  influence  of  the  time  elapsing  between  the  final  setting  of  the  cement  and 
the  immersion  in  hot  water. 

In  the  results  of  a  series  of  tests  performed  with  twenty-five  new  moulds  and  four 
different  products,  the  maximum  difference  observed  in  comparison  with  the  mean  does 
not  exceed  those  obtained  in  the  cases  of  standard  tests  for  hydraulic  binding  media. 
Moreover,  this  diffeirence  is  unimportant  except  in  the  case  of  lo\\'  expansion — a  cir- 
cumstance which  is  not  a  source  of  inconvenience,  and  arises  from  fixed  errors  in  the 
reading. 

(a)  As  was  easily  to  be  foreseen,  the  moulds  with  long,  thick  needle  shoulders, 
more  rigid  than  those  with  short  shoulders,  give  indications  that,  for  a  given  cement, 
correspond  to  a  smaller  expansion. 

(b)  We  have  investigated  two  methods  of  storage  previous  to  immersion  in  hot 
water. 

1.  Immersing  the  test  pieces  in  fresh  water  for  twenty-four  hours  between  two 
plates   of  glass. 

2.  Keeping  the  test  pieces  in  damp  air  for  twenty-four  hours. 
In  each  case,   four  methods  of  immersion  were  practised  :* 

(a)  Three  hours  in  boiling  water; 

(b)  Five  hours  in  boiling  water; 

(c)  Three  hours  on  the  water  bath  at  95  deg.  C. ; 

(d)  Five  hours  on  the  water  bath  at  95  deg.  C. 

(e)  Fimallv,  we  have  also  investigated  the  influence  of  the  date  of  the  immersion 
of  the  test  pieces  in  the  hot  water. 

As  a  rule  the  test  pieces  are  immersed  twenty-four  hours  after  mixing;  but  there 
was  reason  to  think  that  the  results  might  vary  according  to  the  time  allowed  to  elapse 
between  the  definitely  ascertained  final  setting  and  the  moment  of  immersing  the  test 
pieces.     We  carried  out  four  tests  with  products  having  different  setting  times. 

VI. 

From  this  series  of  tests  it  may  be  concluded  that  the  form  of  the  needle  shoulder, 
and  the  age  of  the  moulds,  or  rather  the  extent  to  which  they  have  been  used,  have 
an  influence  on  the  results  obtained,  whilst  the  mode  of  immersion  has  but  little 
influence;  and  that,  on  the  contrary,  the  results  are  influenced  considerably  by  the  time 
elapsing  between  the  definitely  ascertained  completion  of  setting  and  the  immersion  of 
the  test  pieces  in  hot  water,  at  least  in  the  case  of  products  with  slow  initial  setting. 

*  In  these  tour  modes  of  immersion  the  test  pieces  were  placed  in  cold  water,  and  the  temperature 
raised  as  quickly  as  possible  (20 — 30'  at  most)  to  100  or  95  deg. 

The  time  was  measured  from  the  immersion  of  the  cylinders,  the  length  of  immersion  in  the 
boiling  water  (or  at  95  deg.)  being  therefore  25  and  4^  hours. 
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It  is,  in  fact,  characteristic  of  tlie  Le  Chatelier  test  tliat  it  does  not  give  the  measure 
of  the  absolute  expansion  at  a  given  moment,  but  rather  the  difference  between  the 
effort  of  expansion  and  the  effort  of  resistanoe  opposed  to  this  expansion  by  the  cement 
in  consequence  of  its  own  previous  hardening.  (See  my  communication  of  May  31st, 
1902,  on  comparing  the  hot  water  methods  of  testing.) 

May  one  not,  however,  base  on  this  fact  for  the  purpose  of  removing  tlie  reproach 
that  the  I^e  Chatelier  is  excessively  severe.  It  would  be  sufficient  to  examine  merely 
whether  the  delay  of  twenty-four  hours  after  mixing  is  adapted  for  all  eventualities,  or 
whether  it  is  not  too  strict,  and  that  by  altering  the  period  to  thiity-six  or  forty-eight 
hours  one  would  still  meet  with  the  inconvenience  of  eliminating  the  oem.ents  that  are 
stable  in  cold  water.  Moreover,  in  our  opinion,  the  period  allowed  to  elapse  previous 
to  the  immersion  in  hot  water  has  nothing  to  do  with  the  value  of  the  test.  It  should 
be  left  for  each  user  to  fix  for  each  alass  of  cement  the  period  that  should  be  allowed 
to  elapse  before  the  Le  Chatelier  test  is  applied. 

On  the  other  hand,  the  results  obtained  having  revealed  the  slight  influence  of  the 
method  of  keeping  and  of  immersion  of  the  test  pieces  in  hot  water,  and  the  complete 
concordance  of  the  tests  performed  with  moulds  of  one  and  the  same  origin,  it  is  in  our 
opinion  justifiable  to  regard  the  Le  Chatelier  test  as  being  sufficiently  accurate  in  prac- 
tice and  convenient  in  use.  As  regards  the  shape  of  the  needle  shoulders,  nothing  is 
easier  than  to  control  this  by  regulation,  in  the  same  manner  that  one  can  fix  the 
number  of  times  the  moulds  may  be  used  before  being  discarded. 

VII. 

In  these  conditions,  one  may  ask  how  the  German  Committee  on  the  setting  time 
arrived  at  conclusions  so  opposed  to  our  own. 

Truly,  when  one  examines  the  Tables  published  by  that  Cummittee  (Protokoll 
§  252  and  253)  it  appears  that  conclusions  diametrically  opposed  to  those  actually  drawn 
might  be  drawn  therefrom. 

The  point  that  really  strikes  the  eye  about  these  Tables  is  that  all  the  curves  are 
of  the  same  form,  so  that  laboratory  L  gives  maximum  results  for  all  the  products,  and 
the  laboratory  S  minimum  results. 

From  this  it  follows  that  a  systematic  error  exists  between  all  the  laboratories. 
Since  the  methods  of  testing  were  the  same  in  all  cases,  and  that,  as  will  be  seen,  the 
explanation  of  such  discordant  results  cannot  be  found  in  any  inexactitude  of  the  method 
itself,  the  cause  of  error  must  be  sought  elsewhere. 

In  our  opinion  this  cause  resides  in  the  circumstance  that,  although  the  precaution 
was  taken  to  send  the  cements  to  the  laboratories  in  sealed  boxes,  that  of  fixing  the  day 
for  the  application  of  the  tests — which  ought  to  have  been  the  same  in  all  cases — was 
omitted. 

Everv  manufacturer  knows,  as  a  matter  of  fact,  that  expanding  cements  lose  their 
expansion  when  packed  in  hermetically  sealed  boxes,  and  so)iietimes  very  quickly,  all 
that  is  necessary  to  produce  this  result  being  the  presence  of  sufficient  water,  in  the 
state  of  moisture  or  in  combination  with  the  acid  silicates,  to  slake  the  lime  still 
remaining  in  the  caustic  state.  This  water  is  transferred  to  the  quick  lime  in  con- 
sequence of  the  low  dissociation  tension  of  slaked  lime  at  the  ordinary  temperature. 

If  the  temperature  of  the  ceftient  be  raised,  this  phenomenon  sets  in  very  quickly 
(less  than  two  hours  at  100  deg.).* 

Hence  a  difference  of  several  days  in  the  date  of  the  tests  may  lead  to  very  different 
results  even  when  the  binding  medium  has  been  ke]>t  in  hermetically  sealed  boxes. 


*  It  is  of  course  necessary  that  the  cements  should  contain,  in  one  form  or  another,  the  water 
needed  to  hydrate  the  lime,  in  order  that  they  may  entirely  lo=^e  their  expansion  when  kept  in 
hermetically  sealed  boxes;  and  cements  which  do  not  contain  such  water  remain  expansive  for  an 
indehnite  period.  Kxcept  by  means  of  delicate  test;,  it  is  impossible  to  know,  a  priori,  whether  an 
expansive  cement  remains  so  or  not. 
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The  cottages  described  beh'w  are  built  almost  entirely  of  concrete  and  shoiv  in  a  practical 
manner  the  advantages  of  this  material  for  cheap  cottages,  and  toe  'would  commend  the 
verusal  of  this  article  to  those  interested  in  housing  problems.— Ed, 


In  connection  with  tlie  rural  housing-  question  which  has  been  so  much  before 
the  pubHc  of  late,  wide-spread  interest  has  been  created  in  Norfolk  by  the 
erecting-  of  cheap  concrete  cottages  by  the  W'ayford  Tenants,  Ltd.,  on  their 
estate  at  Wayford  in  the  parish  of  Stalham,  X.E.  Norfolk.  In  comparison 
with  the  existing  cottages  in  the  district,  which  are  of  the  usual  type  of  poorly- 
lighted,  badly  ventilated,  unsanitary  farm  labourers'  cottages,  the  new  concrete 
dwellings  show  to  a  remarkable  advantage  from  the  point  of  view  of  etticiencv 
and  economy. 

The     cottages    shown     are     built     practically     entirely     of     concrete.     The 
walls  are  of  concrete  blocks  i8  in.   by  9  in.   by  4J  in.      All  external  walls  are 


Cottaf^e,  Type  2,  in  course  of  construction. 
Concrete  Agricultural  Cottages  in  Norfolk. 
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lo  in.    in  thickness.      This  allows  for  a  one-inch  cavity  between  the  two  4A-in. 

blocks.      It  adds  to  the  comfort  of  the  house,  ensuring-  the  inside  walls  being 

absolutely    dry   and    a    more    even    temperature. 

The  partition  walls   are   all   built   of  blocks  4^  in.    tliick.      The    floors   are 

kept  well  above  the 
ground  level.  The 
height  between 
floor  and  ceiling  is 
7  ft.  10  in.  through- 
out, and  there  is 
at  least  one  large 
casement  window 
in  each  room,  sa 
arranged  that  it  is 
possible  to  have  a 
part  open  without 
i  n  c  o  n  V  e  n  i  ence 
during  the  severest 
weather. 

A  special  fea- 
ture of  the  cottages, 
is  the  roofing  tiles, 
which  are  abso- 
lutely w  e  a  t  h  e  r- 
proof.  They  are- 
made  of  concrete, 
as  are  also  the 
flooring  tiles  or 
quarries.  Both  of 
these  being  glazed, 
give  the  buildings 
a  neat  finish.  These 
tiles  work  out  con- 
siderably cheaper 
than  the  ordinary 
flat  or  pin  (clay)^ 
tile. 

The  cottage 
shown  in  our  illus- 
tration is  of  bunga- 
low type,  the  rooms 
are  commodious, 
and  the  roof  is  so- 
arranged  that  two 
bedrooms  could  be 
made  in  it  \\ith 
little  expense  if 
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required;  hut  undtT  ihe  ];)resent  arrangements  il  will  be  utilised  lor  a  storage 
loft. 

The  size  of  the  rooms  are  as  follows: — Liviui^-room,  i()  ft.  by  ii  ft.; 
kitchen,  ii  ft.  by  9  ft.  ;  larder,  5  ft.  by  4  ft.  ;  three  bedrooms,  14  ft.  o  in.  by  10  ft., 
II  ft.  by  9  ft.  and  11  ft.  by  8  ft.  respectively,  with  a  coal  store  0  ft.  by  5  ft. 

Each  room  is  well  lighted  and  ventilated.  The  ceiling's  are  of  "  Beaver 
Board,"  which  is  composed  of  pure  wotjd  j)ulp,  and  which  gives  the  appear- 
ance of  a   panel   ceiling   when    iinished. 

.\t  the  back  of  each  house  there  is  an  undergrcMuid  tank  f(jr  the  storage 
of  rain-water.  This  is  built  of  concrete  blocks  made  specially  for  this  purpose. 
The  cover  is  of  reinforced  concrete,  with  a  manhole  in  the  centre.  A  small 
pump  Is  connected  from  this  for  the  use  of  rain-water  in  the  house.  The 
size  of  the  tank  is  6  ft.  diameter  by  6  ft.  deep.      Thickness  of  blocks  4  in. 


\'iew  of  Cottage,  Type  1. 
Concrete  Agricultural  Cottages  in  Norfolk. 

Special  consideration  has  been  given  to  an  efhcient  drinking-water  supply 
for  the  cottages,  of  which  there  wull  eventually  be  fourteen  or  more.  'I  he 
supply  main  is  2  in.  diameter  and  is  fed  from  a  concrete  reservoir  situated  on  the 
highest  point  of  the  property.  This  is  fed  from  a  well  scjme  two  hundred  yards 
distant  from  the  reservoir.  This  well  is  6  ft.  in  diameter  and  is  also  formed 
of  concrete  blocks.  The  reservoir  is  20  ft.  square  by  5  ft.  deep,  the  Avails  being 
■9  in.  in  thickness.  Forty  tons  of  concrete  were  use;d  in  its  construction,  and 
the  work  was  completed  in  one  day.  The  capacity  of  the  reservoir  is  10,000 
gallons,  and  the  natural  elevation  gives  sufficient  fall  to  obtain  the  required 
pressure  to  supply  the  fourteen  cottages  to  be  erected  on  the  estate. 

The  cost  of  the  cottage  illustrated  here  is  ;^.i^^  complete.  By  the  use  of 
blocks  a  saving  of  75  per  cent,  in  the  jointing  material  is  effected.  Less  plaster  is 
iilso  required  for  the  walls,  as  the  surface  is  less  rough  than  in  the  case  of  bricks. 
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It  must  be  mentioned  that  all  blocks,  roofing-  tiles,  and  quarries  arc  made 
on  the  estate.  These  particulars  of  what  is  being-  accomplished  on  the  \\'ay- 
ford  Estate  should  convince  anyone  that  cheap  and  desirable  cottages  can  be 
erected  of  concrete  on  this  system  much  more  economically  than  by  the  use  of 
bricks.  This  should  be  a  matter  for  the  consideration  of  the  Departmental 
Commission  of  the  Rural  Housing-  which  has  been  lately  appointed  by  the 
Board  of  Ag-riculture. 

The  machines  on  which  the  concrete  floor  tiles,  ridg-e  tiles,  and  inter-locking- 
roofing-  tiles  were  made  were  supplied  by  Mr.  R.  H.  Baumg-arten,  of  8,  Manor 
Park,  Lewisham,  London,   S.E. 

The  whole  of  the  work  is  under  the  personal  supervision  of  Mr.  B.  F. 
Hartley,  the  works  manag-er,  who  is  responsible  for  the  design  of  the  reservoir 
and  the  moulds  for  the  concrete  blocks,  etc. 
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APPLICATIONS  OF  REIN- 
FORCED CONCRETE  IN 
THE  CONSTRUCTION  OF 
VARIOUS  MARITIME  WORKS 
IN  HOLLAND. 


By  V.  DE  BLOCQ  VAN  KUFFELER. 

Engineer  o/  ilie  Waterstaat,  Hourn,  Holland. 

The  folloiuing  paper  on  Reinforced  Concrete  Sea  Work  in  Holland  luas  presented  to  the 
Xllth  International  Congress  of  Navigation  recently  held  in  Philadelphia.— Ed. 


This  paj^er  is  confined  to  work  carried  out  on  breakwaters  or  reinforced 
concrete  works  exposed  to  the  action  of  the  sea,  and  no  mention  is  made  of 
works  executed  in  maritime  ports  which  are  situated  some  distance  from  the 
sea  coast,  such  as  at  Amsterdam  and  Rotterdam. 

Among-st  recent  works  on  breakwaters  in  our  country  the  most  interesting- 
are  the  extension  of  the  south  jetty  of  the  Hook  of  Holland  (outlet  which 
connects  Rotterdam  with  the  seaj  and  the  improvement  of  breakwaters  in  the 
fishing-  port  of  Scheveningen. 


Conveyinji  Reinforced  Concrete  Blocks  to  tl 
Reinforced  Concrete  Sea  Wi 


cheveningeu. 
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Another  small  reinforced  concrete  lighthouse  has  also  recently  been  built  on 
one  of  the  jetties  at  the  mouth  of  the  "  Ysel  "  river  on  the  Zuyder  Sea. 

As     regards     the     con- 
struction  of  landing-  stages 
and  wharves  exposed  to  the 
sea,  reinforced  concrete  has 
been    employed    in    a    small 
landing-  stage  in  the  fishing 
port    of    Ymuiden,    and    for 
the   foundations    of   a    quay 
wall  at   \'lieland.     We  also 
find  reinforced  concrete  ap- 
plied    on      a     fairly     large 
scale   for    the   protection   of 
banks  and  foreshores,  such 
as     the     groynes     built     by 
.^       Engineer     de     Muralt     for 
I      protecting       the       northern 
I  g  coast   of   Holland,    and    the 
I  A  island       \'lieland       and      a 
^.  s  groyne  on  the  island  of  Urk 
^  2  in  the  Zuvder  Sea. 


WORK    ON 
BREAKWATERS. 


i  ^  ^^^-   "^"an   Kuffeler  gave 

I  I  a  description  of  the  method 
I  g  of   construction    adopted   in 
1^  the   extension   of  the   south 
I  i  jetty   at   the   Hook   of   Hol- 
^  2  land.    The  method  employed 
o  ^  had    been    used    with    great 
^       success    for    improving    the 
:-       inland   channel    of    the    port 
of    Enkhuizen  on    the  Zuy- 
der   Sea.       It    consisted    of 
placing    a    layer    of    fascine 
mattresses  across  the  whole 
width    of   the   jetty    and    as 
much  sand  as  possible  run 
m    between    them.       Above 
ordinary      low-level      water 
the  jetty  consists  of  fascine 
mattresses   covered    with    a 
revetment  of  basalt   blocks 
of  about  o"55  m.  by  o"3o  m. 
This    revetment    will    bear 
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against  oal-c  piU's  5  m.  I:)ni4',  and  a  douhlc  row  of  oak  |)ilcs  3'5  m.  lon<^  will 
he  (lri\cn  throui^h  tlic  re\clnic'nt.  'I'he  work  \\]ii(-h  has  \)vvn  (-arrit-d  out  at  the 
Hook  shows  the  important  role  which  is  played  by  sand  \\  lu-n  it  is  deposited 
under  water  and  the  economy  effected  by  this  method  of  construction. 

Improvement  of  the  Breakwaters  of  the  Fishing  Port  of  Scheveningea. — 
To  pr()\ide  ai;ainst  tlie  dis]:)laccment  whirli  lias  taken  placf  in  the  Ijiocks  wliieh  furni 
the  breakwater  iit  Scbcvcningcn,  and  which  are  deposited  u])  to  ordinary  high-water 
m.ark,  it  has  been  necessary  to  employ  very  heavy  blocks,  similar  to  those  used  in  the 
|)in"t  of  Ymuidcn.  The  breakwaters  had  to  be  lexdlrd  IIunIi  wilh  low-water  mark  in 
order  to  enable  these  blocks  to  be  deposited,  and  as  the  breakwaters  are  built  of  basalt 
rubble  they  provided  a  sufficit^ntly  sound  foundation  for  these  large  blocks.  The  latter 
are  hollow  and  are  made  in  reinforced  concrete  4  metres  long,  v^  metres  wide,  2'6 
metres  deep,  weighing  10,000  kilos.  They  are  filled  with  22  cu.  metres  of  concrete  and 
when  full  weigh  about  56,000  kilogrammes.  The  hollow  blocks  are  placed  by  means  of 
.1  lo-ton  crane.  Shortly  after  they  were  deposited  a  few  of  these  blocks  were  shifted 
about  I  metre  out  to  sea,  but  since  then  no  displacement  has  taken  place. 

Some  concrete  blocks  4  sq.  nietres  in  area,  weighing  700,000  kilogrammes,  were 
then  sunk  in  front  of  the  large  blocks  for  a  length  of  no  metres  along  the  jetty. 

The  sides  of  the  hollow  blocks  are  8  cm.  thick,  and  they  are  strengthened  in  the 
middle  by  a  rib  25  cm.  wide.  The  main  reinforcement  consists  of  8  mm.  rods,  and  the 
secondary  reinforcement  of  6  mm.  rods,  all  spaced  10  cm.  apart.  Some  16  mm.  rods 
are  used  for  the  reinforcement  at  the  corners. 

The  concrete  used  in  the  hollow  blocks  consists  of  i  part  of  cement,  \\  parts  of 
sand  andi^  parts  of  gravel,- and  the  mass  concrete  for  filling  consists  of  i  part  of 
cement,  \  a  part  of  trass,  3  parts  of  sand,  and  5  parts  of  gravel. 

The  reinforced  concrete  of  the  breakwaters  has  given  complete  satisfaction.  The 
work  was  carried  out  by  the  Hollandscbe  Maatschappy  tot  het  maken  van  Werken  in 
Gewapend  Beton,  of  the  Hague. 

Reinforced  Concrete  Lighthouse  on  the  South  Jetty  at  the  Mouth  of  the 
Yset  on  the  Zuyder  Sea. — The  lighthouse  is  built  upon  a  foundation  which  consists 
of  a  block  of  concrete  of  about  24  cu.  metres,  which  bears  upon  sixteen  piles  driven 
through  the  jetty. 

This  concrete  foundation  block  is  reinforced  at  the  top  to  avoid  damage  by  frost 
during  winter,  and  is  reinforced  in  the  middle  for  anchoring  the  columns  which  carry 
the  lighthouse.  The  concrete  used  in  this  is  made  up  of  i  of  cement,  i^jof  sand  and 
3^  of  gravel. 

The  lighthouse  itself  is  built  of  reinforced  concrete  and  consists  of  a  square  cabin 
i-y-metre  side  and  2-4  metres  high,  which  is  carried  on  four  columns  with  rounded 
arrises.  There  are  two  platforms  carried  on  brackets ;  one  in  front  of  the  door  is 
connected  to  the  jetty  by  an  iron  staircase,  and  the  other  on  a  level  with  the  roof, 
facing  seawards,  which  carries  the  flashlight. 

The  sides  of  the  cabin  are  at  least  10  cu.  metres  thick  and  the  columns  are  20  by 
20  cu.  metres.  Conerete  used  for  this  part  of  the  work  is  made  up  of  i  of  cement,  if 
of  sand,  and  2f  of  gravel. 

No  damage  has  been  caused  so  far  by  ice  or  by  storms.  This  method  of  construc- 
tion is  very  simple  and  is  strongly  to  be  recommended  In  the  case  of  any  structure 
which  is  not  exposed  to  very  heavy  waves. 

WHARFING, 
Open   Wharf  at  the   Fishing  Port  of  Ymuiden.  — The  open  wharf  at  the  fishing 
port  of  Ymuiden  was  built  in   iqio,  on  a  system  of  buttressed  walls  which  were  con- 
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structed  in  a  series  of  pits  wliicli  are  3  metres  apart  and  are  connected  to  one  another 
at  the  back  and  the  top  by  two  sets  of  slabs. 

The  earthwork  is  at  the  level  of  +  3  metres,  and  the  bottom  cf  the  port  is  at  a 
level  of  —6  metres. 

The  pits  are  rectangular  in  section,  being  3  metres  wide  along  the  line  of  wharfing 
and  10  metres  long  at  the  bottom  and  6  metres  long  at  the  top.  The  openings  in  the 
pits  are  closed  at  the  top  by  a  horizontal  slab  and  in  front  by  a  vertical  slab,  these  being 
connected  together.  They  are  strengthened  by  buttresses  which  rest  upon  beams  built 
over  the  pits. 

A  platform  runs  right  across  the  pits  and  the  intervening  spaces,  and  is  connected 
to  a  vertical  retaining  wall  strengthened  by  buttresses. 


Feinforced  Concrete  Qud\  Wall  at  Ymuiden,  in  course  "f  L-nstrn'  ti'n 
Reinforced  Conxrete  Sea  Works  in  Holland. 

The  whole  of  the  wharfing  is  built  of  reinforced  concrete,  but  the  coping  is  of 
granite.  The  pits  are  filled  with  mass  concrete,  made  up  of  i  of  cement,  i  of  lime, 
3  of  sand,  and  5  of  gravel. 

After  they  have  set  sufficiently  the  pits,  which  have  been  built  on  temporary 
scaffolding,  are  lowered  very  gradually  by  a  winch  right  to  the  sea-bed,  which  has 
been  dredged  beforehand  to  the  levjel  of  —6  metres.  It  was  necessary  to  build  slabs 
to  close  the  spaces  between  the  pits  after  they  were  sunk,  having  due  regard  to  the 
slope  or  batter  of  the  sides  of  the  pits.  The  concrete  used  in  the  pits  and  slabs  is  made 
up  of  450  kilogrammes  of  cement  per  cu.  metre  of  concrete,  and  contains  equal  quantities 
of  sand  and  gravel.  The  framework  of  the  pits  is  reinforced  with  12-mm.  and  25-mm. 
rods,  the  main  reinforcement  consisting  of  lo-mm.  and  12-mm.  rods,  spaced  10  cms. 
apart,  and  the  secondary  reinforcement  of  8-mm.  bars,  spaced  on  an  average  20  cms. 
-apart.     There  is  slightly  more  reinforcement  on   the  slabs  than  in   the  piers.     There 
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are  no  parlicular  fealures  about  the  superstruclure,  u  liich  was  built  after  the  slabs- 
had  been  placed,  and  connected  to  the  latter  and  to  the  pits.  The  concriete  used 
ccvntains  400  kilogrammes  of  cement  per  cu.  metre  of  concrete,  and  is  made  up  of  3  of 
sand  and  5  of  gravel.  This  work  was  also  carried  out  by  the  Hollandsche  Maatschappy 
tot  hot  mahen  van  WVrkon  in  Gewapend  Beton,  of  the  Hague. 

Quay  Wall  at  Vlieland. — Vlieland,  one  of  the  islands  in  lh<'  north  of  IlolUmd,. 
in  the  North  Sea,  contains  a  small  port  surrounded  by  weak  quay  walls.  Consider- 
able masses  of  blocks  of  basalt,  required  for  the  reconstruction  of  the  foreshore  protec- 
tion, are  found  lying  on  the  embankments,  and  their  weight  caused  the  quay  wall  tO' 
shift  to  such  an  extent  in   iqoq  that  its  reconstruction  became  imperative. 

It  is  the  general  custom  in  Holland  to  construct  the  walls  upon  piles  in  cases  of  this 
kind,  but  this  method  of  construction  would  have  been  quite  expensive  at  Mieland 
because  the  foundations  required  protection  against  the  teredo. 

The  wall  would  in  this  case  have  had  to  be  in  a  perfectly  dry  trench — a  very 
d.fficult  operation,  on  account  of  the  percolation  of  water  from  the  neighbouring  dunes. 

The  adoption  of  reinforced  concrete  has  enabled  us  to  avoid  all  these  difficulties^ 
because  a  foundation  in  reinforced  concrete  can  remain  above  ordinary  low  water^ 
whereas  a  foundation  in  wood  must  remain  under  water. 

The  top  of  the  foundation  is  o'6o  metre  above  the  level  of  low  tides,  so  that  it 
could  be  built  without  a  colTer  dam.  This  method  of  construction  showed  a  saving  of 
32  per  cent. 

The  quav  wall  proper  is  made  with  basalt  from  the  old  wall. 

The  quay  wall  rests  upon  a  reinforced  concrete  raft  3*5  metres  wide,  which  is 
supported  by  a  row  of  sheet  piling,  and  by  three  rows  of  timber  piles,  V2  metres  apart. 
The  timber  piles  are  connected  at  the  head  by  reinforced  concrete  beams,  which  are 
connected  to  the  beam  along  the  top  of  the  sheet  piling,  this  arrangement  and  the  raft 
holding  the  wall  together  in  the  longitudinal  direction.  Thanks  to  the  neighbouring^ 
dunes,  the  timber  piles  behind  the  sheet  piling  are  always  quite  moist,  and  therefore 
no  rotting  is  to  be  feared.  The  sheet  piling  is  5*40  metres  long,  and  is  moulded 
horizontallv ;  it  was  driven  with  an  ordinary  pile  driver  and  a  jet  of  water  under 
pressure. 

The  top  of  the  sheet  piling  was  broken  after  driving,  so  as  to  connect  its  reinforce- 
ment with  that  of  the  cross-beams  and  raft,  both  of  which  were  moulded  subsequentlv. 

The  sheet  piling  0*20  metre  by  0-12  metre  is  reinforced  with  six  9-mm.  rods,  and 
the  longitudinal  beam  by  seven  9-mm.  rods,  the  cross-beams  by  four  17-mm.  rods,  and 
the  raft  by  9-mm.  rods,  spaced  o*o8  metre  apart  as  regards  the  main  reinforcement, 
and  spaced  o"  18  metre  apart  as  regards  the  secondary  rei  n  f  orcein  en  t. 

The  concrete  consists  of  i  of  cement,  \  of  trass,  3  of  sand,  and  4^  of  gravel. 
The  raft  and  beams,  although  protected  as  far  as  possible  by  the  shuttering,  were 
exposed  to  the  action  of  sea  water  from  the  very  outset,  but  notwithstanding  this,  no 
serious  damage  arose  through  the  force  of  the  waves,  and  the  marks  of  the  shuttering 
are  still  visible  at  the  present  moment.  Although  the  concrete  is  in  good  condition  in 
every  part  of  the  structure,  one  can  now  see  that  the  portion  which  was  made  in  situ 
and  exposed  to  the  chemical  action  of  the  sea  water  is  not  so  hard  as  the  portion  of 
which  the  piles  were  made,  as  these  were  allowed  to  set  in  a  moist  atmosphere  before 
being  used.  In  future  a  stronger  mix  will  be  specified  for  the  concrete  of  the  beams 
and  raft  (i  of  cement,  \  of  trass,  2\  of  sand,  and  3^  of  gravel). 

PROTECTION   WORK    OF   JETTIES.    EMBANKMENTS   AND    FORESHORES. 

Works  carried  out  hy  Engineer  de  Muralt.  —  At  the  last  Congress  a  paper  was- 
read  which  described  some  applications  of  reinforced  concrete  by  Mr.  de  Muralt,  which 
were  as  follows  : — 

740 


f&^'^E.mN^         REINFORCED  CONCRETE  IN  MARITIME   WORKS. 

1.  The  revetment  of  banks  by  the  slab  and  beam  system. 

2.  The  raising  of  embankments. 

3.  The  reconstruction  of  the  Ossenhoof  spur  or  groyne. 

4.  The  substitution  of  reinforced  concrete  for  fascine  mattresses. 

Since  the  publication  of  Mr.  Cool's  report  Mr.  de  Muralt  has  greatly  improved  this 
last  method  of  applving  reinforced  concrete,  and  has  invented  a  very  ingenious  revet- 
ment for  banks  and  foreshores  which  are  not  exposed  to  very  violent  storms. 

In  this  system  of  protection  the  concrete  blocks  or  tiles  are  0*95  metre  long,  and  are 
reinforced  at  the  sides  with  A-in.  rods,  the  ends  of  which  protrude  at  each  corner  of 
the  slab  and  are  bent  round  in  the  form  of  a  hook.  The  sides  of  the  blocks  are  also 
reinforced  diagonally  with  two  TG-in.  rods,  which  form  a  cross.  The  blocks  vary  in 
section  according  to  the  kind  of  bank  they  have  to  protect. 


-y^^^^AM^S^iiie^i 


Reinforced  Concrete  Sea  Works  in  Holland. 


The  blocks  are  laid  on  the  beach  during  low  water  at  a  distance  of  i  metre  from 
centre  to  centre  and  are  connected  together  by  the  attachments  at  the  corners. 

Trestles  are  erected  on  the  beach  above  the  spot  where  the  blocks  are  being 
assembled,  and  a  specially  constructed  pontoon  is  floated  out  to  the  trestles  during 
high,  water.  These  support  the  platform  fore  and  aft,  so  that  the  centre  deck  of  the 
pontoon  is  vertically  over  the  mattress  of  blocks.  A  ring  bolt  is  inserted  at  every 
second  attachment  of  the  blocks,  and  a  wire  rope  is  attached  to  these  ring  bolts  at  one 
end  and  at  the  other  end  to  winches  on  the  pontoon. 

As  soon  as  the  pontoon  is  floating  on  the  rising  tide,  it  is  towed  by  a  tug  with  the 
mattress  of  blocks  to  the  site,  where  it  is  anchored,  and  the  mattress  is  lowered  hori- 
zontally, until  it  touches  bottom. 

The  concrete  is  made  up  as  follows  :  i  of  cement,  |  of  trass,  2^  of  sand,  3^  of 
gravel,  for  heavy  blocks  ;  and  i  of  cement,  i-gth  of  trass,  i  2-5th  of  sand,  and  2^  of 
gravel  for  the  light  blocks. 
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The  maxinuini  size  of  any  mattress  whicli  has  hitlierto  been  deposited  by  means 
of  two  pontoons  HnUcd  up  is  400  sq.  metres.  These  dimensions  are  small  compared  with 
those  of  ordinary  fascine  mattresses,  which  can  be  made  up  to  2,500  sq.  metres  in  area 
or  even  more.     One  can,  of  course,   mould  reinforced  concete  [)latforms  on  a   much 

lartjer  scale  if  larger  jjontoons  are 
used,  but  the  construction  then 
becomes  more  complicated.  Re- 
inforced concrete  mattresses  can, 
iiowever,  be  deposited  at  a  much 
griatiM"  rate  than  fascine  mat- 
tresses, because  their  higher 
specific  weight  allows  them  to 
bL'  lowered  irrespectively  of  the 
si)eed  of  the  current,  and  even 
during  quite  heavy  weather. 

There    is    always    a    gap    be- 
tween   the   blocks   in   a   reinforced 
concrete  mattress,   but   this  is  not 
objectionable,     as    a    rule,     except 
5  where  the  currents  are  very  swift 
n  and  the  gaps  have  not  been  filled 
-if  S  m. 

^  ~  Revetments       of       reinforced 

o  u  concrete  mattresses  require  a 
S  ^  fairly  regular  slope  of  bank, 
^  2  because  where  the  ground  is 
'^.  y  broken  or  uneven  the  blocks  do 
■Z  I  not  settle  evenly,  and  they  break. 
rt  ^  The         steel         reinforcement 

u    o 

5  ^  which        connects        the        blocks 
"^  a 

'<  u  together     mav     be     quite     strong 

-'   a        ' 

£  enough  at  the  outset,  but  in 
S  time  it  is  liable  to  become 
affected  by  the  sea  water,  and 
in  that  case  any  pits  or  holes 
which  occur  under  the  blocks 
may  have  disastrous  conse- 
quences. 

As  the  thickness  of  rein- 
furced  concrete  mattresses  is 
comparatively  small,  they  can- 
not materially  assist  in  raising 
the   height   of  the  bank. 

Although        reinforced       con- 
crete  mattresses    cannot   evidently 
be    substituted    in    every    instance 
for   fascine   mattresses,   they  offer 
very    special    advantages,     especi- 
ally as  regards  the   precision   with  which  they   can  be  deposited  independently  of  the 
direction   or   strength    of   the   current,    and   of   the   weather,    and   also    the   advantage 
of  a  relatively  low  cost. 
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This  new  method  of  construction,  which  is  both  practicable  and  ingenious, 
deserves  ver}-  serious  consideration  for  the  protection  of  under-water  slopes. 

Mr.  de  Muralt  has  devised  a  very  simple  but  efficient  method  for  the  protection  of 
banks  which  are  not  very  exposed.  The  whole  of  the  surface  of  the  bank  is  faced 
with  concrete  blocks  0*40  metre  square.  These  are  laid  with  each  alternate  block 
overlapping  the  lower  surface  of  the  adjacent  block  bv  4  cm.  ;  the  total  thickness  of 
the  blocks  varying  from  6  to  8  cm. 

The  alternate  blocks  which  overlap  the  others  and  key  the  system  to  the  bank  are 
attached  to  the  latter  by  a  reinforced  concrete  key  40  cm.  long.  This  key  is  tapered 
and  passes  through  a  tapered  hole  in  the  slab;  its  dimensions  are  o"i3  by  o'i3  metre  at 
the  top  and  o'o8  by  o"o8  metre  in  the  middle. 

\^'hen  the  blocks  are  in  place,  holes  are  made  in  the  earthwork  by  means  of  a 
boring  tool,  and  the  reinforced  concrete  key  is  subsequently  driven  through  the  hole, 
to  the  necessary  depth.  This  method  avoids  any  risk  of  breaking  the  head  of  the 
concrete  key,  and  enables  the  revetments  to  be  securely  fastened  to  the  bank.  The 
concrete  employed  is  generally  made  up  of  i  of  cement,  -k  of  trass,  25  sand,  and  4  of 
broken  basalt  or  Quenast  porphyry. 

The  key  and  the  alternate  blocks  which  have  a  tapering  hole  are  reinforced  with 
6-mm.  rods.  The  outer  edges  of  the  top  and  bottom  rows  of  blocks  are  protected  and 
held  fast  by  longitudinal  beams  driven  about  0*40  metre  into  the  soil. 

From  a  technical  point  of  view  the  new  system  affords  the  great  advantage  of 
a  revetment  made  up  of  small  units,  which  enables  it  to  follow  the  contour  of  the 
ground  without  risk  of  pits  or  potholes  forming  underneath.  If  the  bank  should  shift 
too  much  the  revetment  can  be  taken  up  in  parts,  and  re-laid  at  a  very  slight  expense. 

The  advantages  of  this  new  system  of  facing  are  evident,  but  it  is  only  in  time 
that  we  shall  know  what  effect  the  action  of  the  waves  has  upon  banks  so  protected. 
Up  to  the  present  no  damage  has  occurred,  and  as  the  revetment  hardly  offers  any 
resistance  to  wave  action  I  do  not  think  we  need  have  much  fear  of  any  damage 
arising. 

Groynes  for  Protectiag  the  Northern  Coast  of  Holland.  — In  general,  groynes 
are  built  in  our  country  by  means  of  fascine  mattresses  covered  with  basalt  rubble, 
and  very  often  these  are  supported  on  rows  of  piles.  This  method  is  fairly  costly  in 
construction  and  up-keep ;  especially  for  the  portions  above  the  level  of  ordinary  high 
tides.  Consequently  those  who  have  had  to  build  new  groynes  have  sought  a  less 
costly  substitute  for  this  method,  and  -this  has  been  found  in  the  form  of  reinforced 
concrete.  The  first  groynes  of  reinforced  concrete  were  built  in  19 10  on  the  northern 
coast  of  Holland  at  Groote  Keeten,  and  on  the  island  of  Vlieland. 

Until  then,  some  parts  of  the  existing  rubble  revetment  had  been  replaced  by  a 
reinforced  concrete  facing,  but  nowhere  had  the  whole  structure  been  re-built  in  rein- 
forced concrete. 

Groynes  should  be  able  to  withstand  the  most  violent  hurricanes.  To  achieve  this 
result  : 

1st,  The  foundation  of  the  groynes  should  be  sufficiently  deep  in  the  foreshore. 

2nd,  The  revetment  should  be  sufficiently  strong. 

The  foundations  of  the  groyn&s  at  Groote  Keeten  consist  of  two  parallel  rows  of 
beams  of  i  metre  deep,  and  0-30  metre  wide,  embedded  in  the  shore,  and  provided  at 
the  top  with  a  groove  0-15  by  0-15  metre  to  hold  the  facing  slabs,  which  are  18  to 
28  cm.  thick,  3-5  cm.  long  and  4-7  cm.  wide,  in  position.  The  beams  are  4  metres 
long.  The  two  rows  of  beams  are  connected  every  4  metres  by  a  cross-beam,  which 
has  rebates  to  hold  the  slabs  in  position.  The  reinforced  concrete  portion  of  each 
groyne  above  the  level  of  ordinary  high  tides  is  68  metres  long. 
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Groynes  in  course  of  construction, 
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Keinl'i.  t-d  Concrete  Groynes  at  Vlieland. 
Reiniorced  Concrete  Sea  Works  in  Holland. 
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The  loniiitudinal 
beams  are  reinforred 
with  seven  i -6-111111. 
rods,  and  the  slabs 
are  reinforced  with 
lo-nini.  rods  spaced 
]o  cm.  apart  for  the 
primary  reinforce- 
ment and  20  cm. 
apart  for  the 
secondary  reinforce- 
ment. 

The  cross  beams 
are    reinforced    with 
five  2o-nim.  rods  and 
also  with  a  secondary 
reinforcement   of    16- 
mm.    rods   spaced   10 
cm.  apart.    The  con- 
crete is   made  up  of 
1   of   cement,   ^rd  of 
trass,    ird    of    sand, 
and  2  |rds  of  gravel. 
This    method    of 
foundation        suffices 
wherever     there     are 
no    great    differences 
in  level  in  the  shore. 
The    easier    and 
simpler    the    method 
of    carrying    out    the 
work,  the  greater  is 
the  scope  of  applica- 
tion     of      reinforced 
concrete,     and    it    is 
particularly     on     the 
lower     part     of     the 
shore       that       the 
economy    realised    in 
reinforced       concrete 
construction    is 
Lireatest. 

Groynes  on  the 
Island   of   Vlieland. 

The       construction 

of  groynes  at  Vlie- 
land differs  consider- 
ably from  that  of 
Groote  Keeten,  as 
both  foundations  and 
revetment  are  carried 
out  in  a  different 
manner. 
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The  foundations  consist  of  two  parallel  rows  of  sheet  piling  connected  at  the  top 
"by  a  longitudinal  beam,  which  rests  on  cross-beams  spaced  2-70  metres  centr:;  to 
•centre.  The  space  between  the  beams  is  covered  with  slabs  which  rest  on  the  ground. 
The  use  of  a  single  slab  across  the  groynes  has  been  abandoned,  as  it  would  have  had 
to  be  saddle-shaped  and  might  have  been  broken  if  it  did  not  bear  quite  flat  upon  an 
uneven  soil.  The  slab  is  therefore  now  made  in  two  parts,  which  are  held  down  by 
a  beam  with  rabbets  or  flanges. 

All  the  beams  are  flanged  or  rabbetted  so  that  they  act  also  as  a  framework  for 
the  slabs  which  they  hold  in  position.  The  upper  surfaces  of  the  slabs  should  be 
stepped,  so  that,  as  the  water  falls  off  the  groyne,  it  shall  not  wear  away  the  beach. 

The  slope  of  the  Vlieland  foreshore  amounts  to  as  much  as  i"5,  and  it  would  be 
advisable  if  the  groyne  could  follow  the  rise  and  fall  of  the  beach.  Since  this  is 
manifestly  impossible,  one  can  provide  the  groyne  with  a  movable  superstructure, 
although  an  arrangement  of  this  kind  is  only  feasible  on  the  portion  of  the  foreshore 
near  the  dunes,  where  the  wave  action  is  never  very  violent. 

At  Vlieland,  columns  o-6o  metre  high  were  erected  on  the  cross-beams.  These 
columns  have  grooves  into  which  three  planks  0*20  metre  high  can  be  inserted. 

The  structure  is  of  reinforced  concrete  throughout.  Concrete  consists  of  i  of 
cement,  ^  of  trass,  3  of  sand,  and  4^  of  gravel. 

The  sheet  piling  is  2  metres  long,  12  cm.  thick,  and  20  cm.  wide,  with  a  reinforce- 
ment of  six  6-mm.  rods  which  protrude  from  the  concrete.  They  are  driven  verv  easily 
by  water  under  pressure. 

The  reinforcement  of  the  longitudinal  beams  consists  of  seven  6-mm.  rods  which 
are  connected  to  the  reinforcing  rods  of  the  sheet  piling,  and  also  to  the  primary  rein- 
forcement of  the  cross-beams,  which  consists  of  seven  8-mm.  rods. 

The  longitudinal  beams  are  0-20  metre  by  0-22  metre,  and  the  cross-beams  are 
0*26  by  0-36  to  0-50  metre,  and  the  columns  25  by  36  cm.  The  columns  are  reinforced 
with  twelve  8-mm.  rods,  and  the  reinforcement  of  the  slabs,  which  are  o'lo  metre  thick 
on  the  average,  consists  of  No.  15  gauge  Expanded  metal. 

A  groyne  on  the  Groote  Keeten  system  is  now  being  built  on  the  island  of  Texel, 
but  it  has  sheet  piling  instead  of  i-metre  beams. 

In  general  the  system  adopted  at  Vlieland  is  to  be  preferred  whenever  the 
execution  of  such  fairly  complicated  structures  does  not  present  any  special  difficulties, 
such  as  in  the  neighbourhood  of  dunes.  When  one  is  satisfied  that  the  amount  of 
reinforcement  of  the  revetment  slabs  on  the  Groote  Keeten  system  is  sufficient,  this 
system  will  be  preferred  on  account  of  its  simplicity,  for  it  will  enable  groynes  to  be 
built  up  of  separate  units  which  can  be  made  elsewhere  than  in  situ.  This  will  be 
most  important,  not  only  for  the  concrete,  which  will  no  longer  be  exposed,  whilst  it 
is  being  made,  to  the  percolation  of  sea-water,  but  also  principally  for  the  increased 
scope  which  this  form  of  construction  will  obtain,  since  no  further  objection  can  then 
be  raised  against  making  the  part  of  the  groynes  which  lies  below  the  level  of  ordinary 
high  tides,  of  reinforced  concrete. 

REMARKS   CONCERNING    THE    EFFECT    OF    SEA   WATER    ON    REINFORCED 

CONCRETE. 

The  large  number  of  applications  of  reinforced  concrete  in  the  structures  described 
above  and  their  fairly  frequent  application  in  structures  which  have  been  described  for 
previous  Congresses  testify  to  the  increasing  confidence  which  this  new  method  of 
construction  is  gaining,  even  for  works  exposed  to  sea-water.  It  is,  however,  essential 
to  acquaint  oneself  pretty  thoroughly  with  the  effect  which  the  sea-water  has  upon 
this  material. 

It  is  admitted  by  everyone  that  the  steel  embedded  in  the  concrete  must  be  com- 
pletely encased,  and  the  steel  must  not  be  too  near  the  surface.  A  minimum  covering 
of  2  cm.  should  be  specified,  especiallv  for  maritime  work. 
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In  these  circumstances  it  merely  resolves  itself  into  a  c|ueslion  f>f  the  extent  to 
wiiicli  the  concrete  itself  is  affected  b}'  sea-water. 

'Jhe  decomposition  of  the  concrete  is  generally  caused  by  the  salts  which  are  in 
the  sea-water,  and  liie  action  of  the  sulphates  is  especially  to  be  feared  when  these 
come  in  contact  with  unstable  combinations  such  as  the  lime  formed  durint;  the  long 
period  the  cement  takes  in  setting.  Clearly,  it  is  during  the  first  period  of  the  work 
that  the  action  of  sea-water  is  most  harmful,  for  it  is  during  that  time  that  the  com- 
binations referred  to  are  the  least  stable.  This  theory  is  certainly  borne  out  by  practice. 
.Some  experiments  carried  out  by  a  special  committee  at  .Sylt  in  Germany,  and 
also  at  the  testing  station  of  Gross  Lichterfeld,  show  that  the  resistance  of  concrete 
which  has  been  allowed  to  set  in  a  moist  atmosphere  for  one  year  before  being  i)laced 
in  sea-water,  is  greater  than  that  of  concrete  which  has  been  exposed  to  the  action  of 
sc-a-water  only  a  short  time  after  its  manufacture,  and  this  applies  particularly  to  any 
mixtures  which  are  rich  in  cement. 

As  I  have  remarked,  the  concrete  in  the  sheet  piling  of  the  quay  wall  of  \lieland, 
which  was  allowed  to  set  in  a  moist  atmosphere  before  being  jiut  in  place,  is  harder 
at  present  than  that  of  the  horizontal  beam  of  the  same  mix,  but  which  was  exposed 
immediately  it  was  made  to  the  percolation  of  the  sea-water. 

The  mix  of  the  concrete  used  in  the  jetties  of  the  fishing  port  of  Sche\eningen  was 
the  same  in  the  monolithic  portion  of  the  structure  as  in  the  foundation  blocks  which 
were  cast  on  the  dunes;  nevertheless  the  blocks  are  in  perfect  condition,  whereas  the 
concrete  used  in  the  monolithic  portion  of  the  structure  already  shows  some  traces  of 
disintegration. 

In  order  to  ensure  the  preservation  of  reinforced  concrete  in  sea-water  it  is  recom- 
mended to  allow  it  to  set  as  far  as  possible  in  a  moist  atmosphere  before  being  used 
on  the  site. 

Where  concrete  is  exposed  to  the  action  of  sea-water  as  soon  as  it  is  made,  the 
mix  must  be  richer,  so  as  to  increase  the  resistance. 

The  amount  of  water  used  for  the  manufacture  of  concrete  is  comparatively  small, 
bO  that  the  quantity  of  salts  introduced  into  the  concrete  when  sea-water  is  used  is 
negligible,  compared  with  the  quantity  of  salts  introduced  into  the  concrete  by  diffusion 
when  the  latter  is  placed  in  sea-water,  as  this  water  holds  a  large  amount  of  salts 
in  solution. 

The  use  of  sea-water  in  the  manufacture  of  concrete  has  therefore  very  little 
deleterious  effect. 

The  more  difficulty  there  is  in  the  diffusion  of  the  satured  water,  the  less  is  the 
concrete  affected,  and  therefore  the  latter  must  be  water-tight  in  maritime  works,  but 
at  the  same  time  it  is  advisable  that  the  cement  should  be  in  such  condition  as  not  to 
hi  affected  too  much  by  the  sea-water. 

The  question  of  the  quality  of  the  cement  in  maritime  works  is  of  the  greatest 
iniportance,  especially  if  the  rate  of  setting  has  to  be  very  regular.  One  should  only 
employ  slow-setting  Portland  cement  whose  ingredients  have  been  thoroughlv  mixed 
before  being  burnt  in  the  kiln. 

It  is  the  more  unstable  combinations  of  cement  which  are  most  easilv  attacked  by 
sea-water,  and  when  materials  like  trass  or  cement  pouzzolanes  are  added  to  it,  a 
portion  of  the  lime  will  combine  and  form  a  silicate,  whilst  the  other  combinations  will 
become  more  stable  and  more  resisting  to  the  action  of  the  sea-water.  As  the  process 
takes  place  ver}'  slowly  the  effect  of  the  trass  will  be  greater  if  the  concrete  is  allowed 
to  set  beforehand  in  a  moist  atmosphere. 

When  fine  trass  is  used  the  mortar  becomes  still  more  water-tight,  and  the  addi- 
tion of  trass  to  the  cement  increases  the  strength. 
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Thanks  to  the  assistance  of  my  colleagues,  I  have  been  able  to  collect  the  data 
regarding  the  compositions  of  the  concretes,  cements  and  trass  which  have  been  used 
in  our  country  for  maritime  work,  and  we  gather  from  this  that  concretes  whose  mix 
i?  weaker  than  i  part  cement,  ^  part  trass,  3  parts  sand  will  not  give  satisfactory 
results  in  sea-water.  Concretes  of  this  mix,  however,  are  found  to  be  in  perfect 
preservation  when  they  have  been  allowed  to  set  in  a  moist  atmosphere  before  being 
placed  in  position.  (For  instance,  the  blocks  in  the  jetties  at  Scheveningen  have  been 
exposed  to  the  action  of  sea-water  during  the  last  ten  years,  and  show  absolutely  no 
traces  of  disintegration.)  This  result  is  remarkably  in  accordance  with  the  results 
of  the  German  tests. 

The  mix  of  i  part  cement,  ^  part  trass,  3  parts  sand  may  still  lead  to  disappoint- 
ment when  it  is  exposed  to  the  percolation  of  sea-water  whilst  it  is  being  made  (the 
monolithic  portion  of  the  jetties  of  the  port  of  Scheveningen),  and  consequently  a 
richer  mix  is  advisable,  such  as  at  least  i  part  cement,  ^  part  trass,  2^  parts  sand. 

When  no  trass  is  used  a  richer  mix  should  be  specified.  The  German  tensile  tests 
show  that  the  strength  of  the  mortar  of  i  part  cement,  2  parts  sand  goes  on  decreasing 
from  the  first  to  the  fifth  year,  and  consequently  one  is  led  to  suppose  that  this  mortar 
will  not  be  suitable  for  sea-water,  and  that  a  mix  of  i  part  cement  and  li  parts  sand 
is  necessary. 

The  concrete  used  in  the  construction  of  the  jetties  and  breakwaters  of  the  port  of 
Ymuiden  was  made  of  i  part  cement,  3  parts  sand,  and  5  parts  gravel,  but  it  has  not 
given  quite  satisfactor}'  results.  In  this  case,  however,  they  had  to  contend  with  the 
hammering  action  of  the  blocks  of  the  breakwaters  which  had  been  shifted  during 
storms,  and  which  were  an  additional  destructive  force  to  the  action  of  the  sea  water. 
The  concrete  used  in  the  blocks  employed  for  the  maintenance  of  the  works  up  to 
1905  consisted  of  i  part  cement,  I5  parts  sand,  3  parts  gravel,  with  most  satisfactory 
results.  Subsequentlv  a  cement-trass  concrete,  composed  of  ^  ])art  trass,  2  parts  sand, 
3f  parts  gravel  was  used.  As  to  the  quantity  of  trass  that  one  should  employ,  I  think 
one  should  recommend  ^  part  of  trass  for  i  part  of  cement. 

The  kind  of  sand  used  has  no  doubt  some  effect  upon  the  quality  of  the  concrete, 
but  the  fine  sand  from  the  dunes  may  give  perfectly  satisfactory  results.  Its  mixture 
with  the  cement-trass  is,  however,  slightly  more  difficult,  and  requires  more  working. 

The  voids  in  the  sand  must  be  filled  by  the  cement-trass,  so  that  the  mortar  shall 
be  water-tight ;  consequently,  sands  which  leave  few  voids  are  generally  to  be  preferred. 

As  the  concrete  must  be  water-tight  for  maritime  works,  the  quantity  of  mortar 
used  must  be  sufficient  to  fill  the  voids  in  the  gravel. 

If  the  reinforcement  is  very  complicated  it  is  advisable  to  diminish  the  cpantity 
of  gravel  slightly,  so  as  to  be  quite  sure  that  the  reinforcement  and  the  aggregate  are 
well  embedded  in  the  mortar. 

Aggregates  which  cannot  pass  through  a  0'20  cm.  mesh  should  be  rejected  for 
reinforced  concrete,  unless  the  reinforcement  is  placed  at  a  fairly  good  distance  from 
the  surface. 

-Wherever  the  strength  of  the  materials  of  construction  is  less,  the  homogeneity 
<jf  their  combination  must  be  increased.  This  applies  equally  to  reinforced  concrete, 
and  especiallv  to  reinforced  conci;ete  exposed  to  the  percolation  of  sea  water. 

The  materials  for  the  concrete  must  be  thoroughly  mixed  with  the  greatest 
possible  care,  and  the  concreting  must  also  be  carried  out  with  great  care.  The 
shuttering  must  be  sufficiently  strong  to  resist  being  put  out  of  shape  by  the  concrete 
during  concreting;  its  dimensions  must  be  carefully  seen  to,  and  it  must  be 
water-tight. 

Any  portion  of  the  concrete  not  properly  mixed  is  liable  to  be  affected  by  the  sea 
water,  which  can  then  penetrate  to  the  reinforcement  and  attack  it. 
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The  more  the  concrete  is  well  ramnifd  the  less  porous  it  is,  so  it  is  advisiibk'  to 
avoid  putting  too  much  water  into  the  concrete  during  the  mixing.  It  should,  how- 
ever, be  sufficientlv  plastic  to  allow  the  reinforcement  to  be  well  embedded  in  it.  The 
quantity  of  water  to  be  used  depends  on  the  kind  of  structure  that  is  being  erected. 

If,  on  removing  the  shuttering,  the  concrete  shows  a  rough  surface,  it  is  advisable 
to  face  it  over  with  a  thin  coat  of  mortar  of  the  same  proportions  as  in  the  concrete. 
In  that  case  it  is  necessary  that  the  concrete  should  be  damp  and  the  mortar  so  fluid 
that  it  can  be  used  with  a  brush. 

Care  should  be  taken  that  the  concrete  is  kept  damp  whilst  it  is  setting  in  the  air, 
as  the  cement  requires  moisture  to  assist  its  chemical  action. 

Briefly,  I  am  of  opinion  that  reinforced  concrete  in  our  country  is  sufficiently  safe 
to  be  applied  to  maritime  work,  provided  one  keeps  strictly  to  the  following  rules  :  — 

1.  Only  to  employ  slow-setting  Portland  cement  of  the  best  quality,  which 
sets  very  regularly. 

2.  To  thoroughly  mix  the  concrete  whilst  it  is  being  made,  and  to  employ 
the  greatest  possible  care  in  moulding  the  concrete  in  strong  water-tight  shuttering. 

3.  Preferably  to  use  trass  (or  pouzzolanes). 

4.  To  use  a  water-tight  concrete,  and  a  mix  which  shall  not  be  less  than  the 
following  proportions  :  i  part  cement,  \\  parts  trass,  3  parts  sand,  or  1  part 
cement,   i\  parts  sand. 

5.  As  concrete  allowed  to  set  in  a  moist  atmosphere  before  it  is  used  in  situ 
■^as  greater  resistance  to  the  action  of  sea  water  it  is  always  advisable  where 
possible  to  use  a  richer  mixture  if  the  concrete  is  to  be  exposed  to  the  percolation 
of  sea-water  whilst  it  is  being  made  and  before  it  has  been  allowed  to  set. 

In  concluding  mv  report,  I  should  like  to  remark  that,  in  my  opinion,  a  suitable 
mixture,  verv  careful  manipulation,  the  use  of  a  good  brand  of  cement  and  of  trass 
(pouzzolanes),  and  setting  in  a  moist  atmosphere,  are  the  most  etficient  means  of 
ensuring  tb'^  '^reservation  of  the  reinforced  concrete  in  our  maritime  works. 


Construction  of  a  Reinforced  Concrete  Groyne  on  the  Island  of  Urk. 
Reinforced  Concrete  Sea  Works  in  Holland. 
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SHEAR  FORCE  IN 
T.BEAMS. 


By  JOHN  A.  DAVENPORT,  M.Sc,  A.M.Inst.C.E. 

In  our  issue  of  Juh  Us t  -we  published  an  article  by  Mr.  Davenport  on  "  T-Beam  Design,' ' 
andLsub/ectisno'iv  supplemented  by  another  on  '  'Shear  Force  m  T-Beams^   gi-ven  belo-w.-ED. 


Fic.  I 


In  designing  a  T-beam  the  designer  must  take  account  of  tensile  and  compressive 
forces  and  also  of  shear  forces  before  deciding  upon  the  section.  These  latter 
forces  occur  at  more  points  in  the  section  of  a  T-beam  than  in  the  section  of  a 
plain  beam,  and  it  is  the  object  of  this  article  to  deduce  expressions  which  will 
enable  their  values  to  be  calculated. 

The  elevation  and  end  view  of  a  T-beam 
of  reinforced  concrete  are  shown  in  Fig.  1, 
with  the  three  principal  sets  of  planes  along 
which  fracture  by  shear  may  take  place. 

Firstly,   it  may   shear  along  the  planes 
AB,   AiSi,   shown  in  the   elevation,   or   any 
parallel  plane.    The  shear  along  these  planes, 
which  are  perpendicular  to  the  axis  of   the 
beam,  is  usually  considered  in  the  design  of  beams. 

Secondly,  it  may  shear  along  the  plane  CD  or  some  other  parallel  plane, 
such  planes  being  all  parallel  to  the  neutral  surface.  This  shear  force  has  its 
maximum  value  at  the  neutral  axis". 

Thirdly,  it  may  shear  along  the  planes  EF,  EiFi ;  that  is,  the  flanges  may 
shear  away  from  the  web  of  the  beam.  This  shear  is  a  maximum  at  points 
where  the  flange  is  attached  to  the  web,  and  decreases  as  the  distance  of  the 
plane  from  the  web  increases.  Let  us  now  look  closely  into  these  shear  forces 
and  their  cause  or  causes. 

The  shear  force  on  any  section  is  due  to  the  loading  upon  the  beam,  and 
this  loading  also  produces  or  causes  tensile  and  compressive  forces  across  planes 
which  are  normal  to  the  neutral  surface.  In  fact,  all  the  forces  which  occur  m 
a  beam  are  due  to  the  loading,*  and  we  must  therefore  consider  the  loading  first, 
and  then  the  connection  between  loading  and  forces. 

In  dealing  with  shear  forces  it  will  be  found  convenient  to  get  a  connection 
between  shearing-force  and  bending-moment,  the  bending-moment  being 
expressed  as  a  function  of  the  loading,  and  on  this  account  the  bending-moment 
at  any  point  of  a  beam  will  first  be  deduced  and  then  applied  to  the  investigation 


of  shear  in  the  beam. 
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Two  principal  cases  occur,  viz. :  a  beam 
carrying  a  uniformly  distributed  load,  and  a 
l)eam  with  concentrated  loads. 

Case   I. — Beam   with   uniformly    distri- 
buted load.     Fig.  2  shows  a  beam  of  length 
loaded    with    xv    lb.    per    unit    length.       Taking    all    the     units    in    lb.    and 
inches,  /  will  be  in  inches  and  xv  in  lb.  per  in.  run.      Points  A   and   B,   distant  x 
and   X  inches  respectively  from   the   left-hand   end  are  taken,  and  the  bending- 
moments  at  these  points  are  found.     They  are  : — 

wlx     wx^' 
~2         2 


B, 


Ib.-in. 


and 


r>  XvlX        XVX'  ,, 

tix=  -^ _     Ib.-m. 


(]) 
(2) 


2  2 

The  increase  in  the  bending-moment  between  the  two  points  A  and  B  will 
be  given  by  the  difference  between  (1)  and  (2),  so  that, 

Increase  of  bending-moment  =  Bx-B,.  =  -  [liX—x)  -  (X'  -  .v")]  (3) 

We  now  want  to  get  a  connection  between  the  shear  force  at  the  points  A 
and  B,  and  the  expression  (3). 

Shear  force  on  planes  perpendicular  to  the  neutral  axis,  i.e.,  planes  AB  and 
A,Bi  of  Fig.  1. 

Consider  the  external  forces  acting  upon  the  piece 
CDEF  of  a  beam.  Fig.  3,  and  keeping  it  in  equilibriu  r. 

The  part  of  the  beam  to  the  left  of  the  plane  CF 
applies  a  shear  force  F  upwards  and  a  clockwise  moment 
/?,v  as  shown.  The  part  to  the  right  of  the  plane  DE 
will  apply  the  shear  force  /  downwards  and  the  counter- 
clockwise moment  Bx,  as  shown. 

In  addition  to  the  above  there  will  be  the  vertically 
downwards  force  xv{X~x)  lb.,  due  to  the  distributed  load  on  the  top  surface  CD. 
As  the  section  CF  is  nearer  the  support  than  the  section  DE,  Bx  will  be  greater 
than  B^  and  F  greater  than  /. 

Further,  as  the  section  CF-[is  distant  x,  and  DE  is  distant  X,  from  the 
support,  the  values  of  B;,  and  Bx  will  be  as  given  in  (l)  and  (2). 

Let  us  now  take  moments  about  O  any  point  in  the  vertical  line  midway 
between  CF  and  DE,  we  get 


-(x-orj- 


B.v-B,  =  (F+/) 


iX-x) 


(4) 


Now  the  shear  force  diagram  for  a  beam  carrying  a  uniformly  distributed 
load  is  a  straight  line  inclined  to  the  base,  so  that  the  shear  force  at  O,  midway 

between  CF  and  DE,  will  be  given  by  ^^■' ,    and    calling   this    F,„,    we    may 

rewrite  (4)  as : 

Bx-B,,  =  F„{X-x)  5) 

rr  Bx  —  Bx 


from  which  we  get 
750 


X-x 


6) 
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Substituting  for  Bx  —  Bx  from  (3),  we  get 


(a) 


This  gives  the  shear  force  on  vertical  planes  which  are  distant from 

the  support.     In  order  to  get  a  simpler  expression  we  will  take  the  planes  CF 
and  DE  very  close  together,  so  close,  in  fact,  that  X  —  x  =  0,  then  X  =  x  and  (a) 

becomes 


F  =  |[/-2.r] 
F  being  the  total  shear  force  at  the  point  distant  x  from  the  end. 

0 


(A.) 


At  the  end  where  x  =  0,  we  get  F 


lb. 


centre 


F^O, 


and  so  on  for  other  values"of  x. 

The  area  over  which  this  shear  force  is  distributed  is  (i  X  hy,  d  being  the 
effective  depth  of  the  beam  and  hy  the  breadth  of  the  web.  Any  assistance  which 
the  sides  of  the  fiange  may.  contribute  can  only  be  very  small,  if  any,  and  is 
therefore  neglected. 

The  shear  stress  is  therefore 


/=-^[/-2.v] 
2dhy 


(A3) 


and 

from  which  we  get 


Taking  now  the  shear  along  planes  parallel  to  the 
neutral  surface,  we  replace  the  moments  B^  and  Bx  by 
the  total  compressive  forces  C.r  and  Cx  acting  at  the 
centres  of  compression  of  the  concrete,  and  the  tensile 
forces  Tv  and  Tx  acting  at  the  centre  of  the  steel  rein- 
forcement, as  shown  in  Fig.  4.  The  lines  of  action  of 
these  forces  are  separated  from  one  another  by  a  distance 
equal  to  the  lever  arm  a,  and  are  connected  with  the 
bending-moments  by  the  expressions  : 
Bx  =  aCx^aTx,  ) 
Bx  =  aCx  =  a Tx    ) 


(7) 


and 


C 

Cx  =  Tx 


rp      _  Bx 

a 


a 


The  difference  between  these  latter  expressions  gives  : 

1 


Tx 


Tx-Cx-Cx  =  ^{Bx 
a 


-Bx] 


(8) 


(9) 


Now  the  piece  EFGH  {Fig.  4)  tends  to  slide  to  the  right  under  the  action  of 
the  tensions  Tx  and  Tx,  and  is  only  prevented  by  the  shear  resistance  along  the 
plane  GH.  Of  course,  we  may  look  upon  the  piece  CDHG  as  tending  to  slide 
to  the  left  under  the  action  of  the  compressions  Cx  and  Cx,  and  being  resisted  by 
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the  shear  resistance  along  GH.  These  are  the  only  forces  producing  shear  along 
planes  parallel  to  the  neutral  surface,  solthat  we  get,  taking  F|  as  this  shear  force 
to  distinguish  it  from  the  shear  force  on  vertical  planes : 

and  substituting  from  (9), 

F,=l(B.v  -B.,)  (10) 

a 

Substituting  now  from  (3),  this  becomes  : 

F,=;^'[i{x-x)-'ir--x-)]  (p.) 

Za 
This  is  the  total  force  which  acts  over  a  length  of  X~x  inches.      It  will  be 
convenient  to  consider  its  value  for  unit  length,  and    this  will  be  obtained  by 
dividing  (b)  by  X  —  x,  thus  : 

Fi  per  inch  of  length  =  — [/— (X  +  .v)] 
2a 

To  make  this  comparable  with  expression  (ai)  we  must  again  put  X  —  x  =  0,  so 
that  X-\-x  =  2x,  the  latter  .r  being  the  mean  of  the  two  former.  Then  the 
expression  becomes : 

Fi  per  inch  of  length  =  -^[l  —  2x]  (Bi) 

2a 

xvl 
x\t  the  end  where  x  =  o,  we  get  Fi  = —  lb. 

2  a 

,,     centre  ,,      ^~  ^^        >>       Fi  =  0, 

and  so  on  for  other  values  of  x. 

The  intensity  of  shear  force  will  be  given  by  dividing  (Bi)  by  b,.  the 
breadth  of  the  rib,  thus  : 

2ahr 
In  the  ordinary  theory  of  beams  it  is  stated  that  this  shear  is  a  maximum 
at  the  neutral  surface  and  decreases  as  the  plane  considered  gets  further  and 
further  from  the  neutral  surface.  In  the  case  of  a  homogeneous  material 
such  a  statement  is  true,  but  in  the  case  of  a  heterogeneous  material,  such  as 
that  we  are  now  dealing  with,  it  is  not  true,  and  we  must  therefore  look  to  our 
assumptions  before  we  can  say  anything  about  the  variation  of  shear  force  on 
horizontal  planes  throughout  the  web.  The  two  assumptions  in  the  design  of 
T  beams  with  which  we  are  now  concerned  are  : 

(1)  The  steel  takes  all  the  tension. 

(2)  The  flange  takes  all  the  compression. 

It  follows  at  once,  from  these  assumptions,  that  the  horizontal  sliding  force 
is  the  same  at  all  points  of  the  web  between  the  steel  and  the  lower  surface 
of  the  flange.  Thus  the  tendency  to  shear  the  web  along  horizontal  planes  is 
the  same  at  all  points  between  the  steel  and  the  lower  surface  of  the  flange.  As 
a  matter  of  fact  this  statement  will  not  be  quite  true  because,  no  matter  what 
our  assumption  may   be,   we  cannot  prevent    the    part  of  the    web    above    the 

r;2 


1 
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neutral    axis    from     contributing    to    the     compression     C, ;     the    difference     is, 

however,  only  on  the  side  of  safet}'. 

To   get  the  shear  force  tending  to 

shear  the  flanges  away  from  the  web 
across  the  planes  SF  and  EiF\,  Fig.  5, 
we  will  consider  the  compressions  d- 
and  C\-  already  found. 

The  piece  EFLM  is  subjected  to 
r^  part  of  the  compression  C.v  which  acts 
from  left  to  right  and  part  of  the 
compression  C.v  which  acts  froni  right  to  left.  It  is  assumed  that  these  forces 
are  distributed  over  the   whole  of  the  ilange  the    breadth   of  which  is  b.      The 

ME 


£                     £. 

b 

•^K-^ 

F 

r. 

c. 

^. 

C, 

7; 

-i 

proportion  of  the  whole  which  acts  upon  the  part  EFLM  will  be  the  fraction 


MJ- 


b-br 

ME  2  ,f        bA  ,        , 

Now  TTT  — ', =-y\  1~T  /)  SO  that  the  total  force    acting    on    the    area 

M  J  b  ^        b  ' 

EFLM   from  left  to   right   will   be    ;,'(l—    ''),  and   the    opposing    force    will    be 

2  \        b^ 

— ^M  —  -'j.     The   total   sliding    tendency    acting    towards    the    left-hand    end    of 

the  beam  will  therefore  be  : 

Slidmg  force  =  I  (l-^)(Cv-Cv)  (ll) 

and  substituting  from  (3)  and  (9)  we  get: 

F.= ^'  (1  -  M  mx  -  x)  -  {r-  -  x->]  (c) 

2a^        b^ 
Fz  being  the  total  shear  force  acting  on  a  length  A'  — .r  of  the  flange  on  one  side 
only. 

We   will   now   take   this  shear  force   per  unit   length   of   beam   to   make   it 
comparable  with  F  and  Fi,  and  dividing  (c)  by  A'  — .v,  we  get  : 

F,  per  inch  of  length  =  --(l-^')  [l~(X  +  x)] 
■\a^         b' 

Putting  X  +  x  =  2x  as  before,  this  becomes  : 


F,  per  inch  of  length  =-    ''"(l^*')  [/  — 2.v] 
4c7  ^        b' 


(Ci) 


b.. 


Other  things  being  equal,  this  expression  increases  as  the  ratio  -  decreases, 

b 

and    as   the    R.I.B.A.   Report    allows    the    limiting  value   b  =  6br,  the   ratio  —  is 

b 
never,  or  should  never   be,   less  than  g.     Thus   the   maximum   value   of  Fj,  for 
any  particular  point  of  a  beam,  will  be  given  by 


F3„a..  =  ~[/-2.V] 

At  the  end  where  x  =  0,  this  gives  F>  =  ^^^  lb, 

'     24a 

centre    ,,     .v=  .      ,,         ,,     F-,^  O, 
and  so  on  for  other  values  of  -v. 


(Ci') 


753 


JOHN  A.  DAVENPORT.  [CQNCBJCTE 


/= 

wl 

2dbr 

W 
2db,. 

lb 

/l= 

wl 
2ahr 

W 
2abr 

lb 

y.,- 

5wl 

5W 

This  force  acts  over  an  area  of  1  Xc/„  J,  being  the  thickness  of  the  flange,  so 
that  dividing  (c/)  by  d^  we  get 

2'^ads 
We  have  already  seen  that  the  shear  force,  at  each  of   the   three  sections 
considered,  is  a  maximum  at  the  support,  and  taking  these  maximum  values  by 
putting  x  =  0  in  the  expressions  (a..),  (B:;)  and  (c-),  we  get 

(Aa) 

(Bs) 

lb.  (cs) 

"'     2Uds     2^ads 

W  being  the  total  load  on  the  beam  in  lb. 

In  the  event  of  any  of  these  being  greater  than  the  permissible  shear  stress, 
i.e.,  60  lb.  per  sq.  in.,  the  section  must  be  reinforced  by  shear  steel  ;  the  shear 
at  other  points  must  also  be  calculated  to  determine  whether  shear  steel  at 
these  points  is  necessary. 

Example. 

A  T-beam  has  a  flange  (floor  slab)  of  41  in.,  a  span  of  20  ft.,  depth  below 
the  slab  (including  2  in.  of  cover)  of  131  in.,  breadth  of  web  of  9  in.,  and  carries 
a  load  of  1,800  lb.  per  ft.  Given  the  lever  arm  as  14'11  in.  find  the  maximum 
shear  forces  /,  /i,  and  /■>,  and  determine  whether  shear  reinforcement  is  necessary. 
Here  we  have  : 

V7=  1800X20  =36,000  lb.  (tc'  =  150  lb.  per  in.,  /  =  240  in.). 
t^  =  13H44-2=16  in. 


36000        ,  ,.  ,, 

=  I2b  lb.  per  sq.  m. 


b,  =  9  in. 

a=14'l  in. 

so  that  we  get 

/= 

A  = 

/.= 

2X16X9 

36000 
2  X  14"  1  X  9 

5X36000 


142  lb.  per  sq.  in. 

-  =118  lb.  per  sq.  in., 
24X14  1X4'5 

and    shear    reinforcement    across    the  three  planes  AB,  CD  and   EF  of  Fig.   1 

will  be  required  at  the  end  of  the  beam. 

To  get  the  point  or  points  at  which  the  safe  shear  resistance  of  the  concrete 

just  balances  the  shear  force,   we  put  expressions   (a-..),   (b^)  and  (Cj)  equal  to  60 

and  find  the  values  of  .v.      In  the  case  of  the  beam  considered  these  will  be  found 

as  follows  : 

60  =  — -^^      [240-2.1-1  (a,') 

2X16X9 

x  = ^  inches  —  5'2  feet  from  the  support  for  vertical  planes  in  the 

^  web. 
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60  = 1^ [240-2.V]  (b,') 

2X14"1X9 

x  = inches  =  5"76  feet  from  the  support  for  horizontal  planes  in 

"^  the  web. 

60  = ^^^^^ [240  -  2x]  (q') 

24X141X45 

24Q  —  1 22 
X— inches  =  4"9  feet  from  the  support  for  vertical  planes  in  the 

^  flange. 

It  will  be  noticed  that  these  are  three  different  points. 
It  must  not  be  forgotten  that  in  the  foregoing  we  ha\  e  taken  the  maxniium 

Aalue  of    — ,  so  that  the  calculated  values  referring  to  shear  in  the  flange  if  they 
b 

err  at  all  only  do  so  on  the  side  of  safety. 

Case  II.— Beam  with  Concentrated  Loads. 

A  beam  with  concentrated  loads  may  carry  only  one,  or  it  may  carry  more 
I'w.  1"^.  |w,  than  one,  and  we  will  therefore  consider  the 


T' 


general  case  of  a  beam  AB,  Fig.  6,  carrying 
loads  Wu  Wn,  V^s,  &c. 

The   shear  forces  which   exist  between 
the  support  and  the  nearest  load  Wi  can  be 
represented   by   one   set   of   equations,    while   another  set   of    equations    will   be 
required  to  represent  the  shear  forces  for  the  part  of  the  beam  between  Wi  and 
IV2,  and  so  on.     The  shear  forces  have  their  maximum  values  at  the  parts  of  the 
beam  between  the  supports  and  the  nearest  loads,  and  decrease  as  the  part  of  the 
beam  between  adjacent  loads  get  nearer  and  nearer  the  centre  of  the  span.     On 
this  account  we  will  first  consider  the  length  of  beam  between  the  support  and 
W],  and  then  the  length  between  \Vi  and  W2,  and  assume  that  beyond  this  point 
the  concrete  is  sufficiently  strong  without  shear  reinforcement. 
Firstly  for  the  length  between  the  support  and  Wu 
All  units  in  lb.  and  in.  as  before. 
Ra  is  the  reaction  at  A,  and  Rb  that  at  B. 

Taking  now  two  points  C  and  D  distant  .v  and  A',  respectively,  from  A,  we 
get  the  bending-moments : 

B...  =  R^x 
By  =  RAX, 
so  that  the  increase  of  bending-moment  in  the  length  X  —  x  is 

Bx-B.,  =  Ra{X-x)  (12; 

and  re-writing  (6,^  to  apply  to  this  case  we  get: 

This  expression  tells  us  that  the  shear  force  on  vertical  planes  in  the  web  is 
independent  of  the  distance  of  the  point  considered  from  the  support,  and  writing 
F  for  F,„  this  force  becomes  : 

F  =  Ra  (d,) 
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This  acts  over  the  area  dx  b^  so  that  the  intensity  of  shear  force  is 


f= 


Ra_ 

dbr 


iW 


If  we  wislied  to  consider  the  shear  at  the  right-hand  end  of  the  beam  it 
would  be  necessary  to  substitute  Rb  for  Ra  in  (])i)  and  [ih). 

Equation  (9)  was  deduced  without  reference  to  any  particular  form  of 
loading,  so  that  it  still  holds  (see  Fig.  4),  thus  the  sliding  force  on  horizontal 
planes  will  be  : 

F,  =  Tv-T.v  =  C.v-C,  =  ^  (Bx-B..\ 
a 

and  substituting  from  (12)  we  get 

F,  =  ^HX-x)  (e) 

a 

This  is  the  total  sliding  force  on  a  length  of  X—x,  and  di\'iding  (e)  by  this 

we  get 

D 

F\  per  inch  of  length  =  —■*  (Ei) 

a 

This  acts  over  an  area  of    I  x  6,.,  so  that  the  corresponding  force  per  unit 

area  is 

R^ 


/. 


ab,. 


(e,) 


The  expressions  (ei)  and  (e^)  are  independent  of  the  position  of  the  point,  so 
that  the  forces  given  are  constant  throughout  the  first  length. 

To  get  the  shear  across  the  flanges  we  proceed  as  in  Case  I  and  get  the 
total  sliding  tendency  on  one  side  of  the  flange,  and  as  Fig.  5  still  holds  for  this 
case  we  may  re-write  (11)  thus: 

Sliding  tendency  on  one  side  =\\  1  —  -jvC.v— C.,)  (13) 

^        b  ' 

and  substituting  from  (9  and  \l),  we  get 

F.  =  i(l-^-)^(X-.v;  (E) 


b  '   a 
To  get  this  per  unit  length  divide  by  iX  —  x),  tluis 

b 


F-  per  unit  lengtii  =  — '  (  1 
2a  V 


[Fii 


,  ■      />,. 


Taking,  as  before,  I,  as  the  limiting  value  of  the  ratio  - '',  we  get 


F2  per  unit  length 


_5Ra 

12a 


A 


acting  upon  an  area  of  I  X  J,,  so  that  the  intensitv  becomes  : 

^^'•^  (IM 

l2Ac/, 

and  this  is  the  same  for  all  points  between  the  support  and  ITi. 

Secondly,   for  the   length  between   the   loads  \Vi 

and    \l\.,  see  Fig.   7.     The  points  E  and  F  are  taken 

distant,  respectively,  x  and  A'  from  the  end  A.     The 

_B     bending-moments  at  these  points  are  : 

B,  =  RaX-W/x-s) 

B.^  =  RaX-\V,(X-s), 

s  being  the  distance  of  \Vi  from  A. 
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The  increase  of  bending-moment  in  the  length  X—-x  then  becomes 

Bx-B:,  =  {RA-W,)iX-x)  (14) 

Comparing  this  with  (12^,  we  may  write 

F,„  =  {Ra-W,)  (g) 

and  putting  F  =  F,„  as  before  : 

F  =  {Ra-W,)  (g,) 

which  is  constant  throughout  the  length  between  the  points  where  Wi  and  W,  are 
applied. 

Dividing  (Gi)  by  the  area  d  x  b,-,  the  force  per  unit  area  becomes  : 

/=-5^^  (G.) 

dbr 

For  the  shear  along  horizontal  planes  in  the  web  we  get  from  (9) 

F,-C.v-C.,  =  -(Bv-5...)  (15) 

a 

and  substituting  from  (14)  this  becomes 

F,  =  ^(Ra~W,){X-x)  (h) 

a 

Dividing  (h)  by  X — .r  to  get  the  force  per  unit  length, 

F,  per  unit  length  =  -  (Ra—Wi)  (h,) 

a 

and  dividing  this  by  the  area  1  x  b,-  over  which  it  acts,  the  force  per  unit  area  is  : 

/.  =  -\  (Ra-W,)  (h.) 

abr 

The  forces  given  in  (Hi)  and  (h^)  are  the  same  for  all  points  between  U'l 
and  U^. 

The  force  tending  to  shear  the  flanges  from  the  Aveb  will  be  given  by 
writing  (i?.A~^l''i)  instead  of  Ra  in  (f),  thus  : 

^■^  =  0   (^-';)(Ra-W,)IX~x)  (j) 

and  the  value  of  this  per  unit  length  is  : 

F,  per  unit  length  =  -^  fl-''')  R-A-Wi)  (ji) 

2a  ^        b  / 

Taking   now    i  as  the   limiting  value  of     ',    the    maximum    values    of    (j/, 

h 

are  given  by  : 

F-.  per  unit  length  =— (i?,-W,)  (j,') 

1 2a 

acting  upon  the  area  1  ■  ds,  so  ihat  i  he  intensity  becomes  : 

li(7(7.. 

These  forces  are  constant  between  the  points  where  TTi  and  W^  are  applied  : 
Collecting  now   the   expressions  giving  the  intensities  of  the  shearing  force 
of  the  various  sections  we  get  : 
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For  the  length  between  the  support  and  the  nearest  force, 

/• Ra 

^        dhr 
/•   —R  A 

abr 


h= 


5Ra 

\2ad. 


(Da) 
(Ea) 


For  the  length  between  the  load  nearest  the  support  and  the  next  load, 


/i 


f2  = 


dbr 

Ra-W, 

ab, 
5{R,-W 

(H,) 


(j. 


lbs.      lbs.        lbs. 

15,000  15.0U0    20.0UU 


\2ad. 

An  inspection  of  these  expressions  brings  out  two  important  points,  viz. : 

The  intensity  of  shear  force  is  the  same  at  all  points  of  a  beam,  carrying 
concentrated  loads,  between  any  two  adjacent  loads,  the  supporting  forces  being 
regarded  as  loads. 

The  intensity  of  shear  force  at  any  section  of  such  a  beam  is  a  maximum 
in  the  end  section,  and  is  less  the  further  the  section  is  from  the  support. 

In  the  event  of  any  of  the  values  given  in  (d^)  to  (j^^  exceeding  60,  the 
corresponding  section  must  have  shear  reinforcement. 

Example. 

A  T-beam  of  50  ft.  span  carries  loads  of  15,000, 
15,000,  and  20,000  lb.  at  distances  of  20,  30,  and 
40  ft.  from  the  left-hand  end  respectively,  as  shown  in 
Fig.  8.  The  slab  or  flange  is  6  in.  thick,  depth  of  web 
below  the  slab,  including  2  in.  of  cover,  is  26  in.,  and 
the  breadth  of  web  is  14  in.  Given  that  the  lever 
arm  is  27'5  in.,  find  the  intensity  of  shear  forces  /,  f\  and  /j,  and  say  whether 
shear  reinforcement  is  necessary. 

Working  from  the  left-hand  end,  we  get  : 

/?A=19,000  lb.  U',  =  15,000  lb. 

^^  =  26  +  6-2  =  30  in. 
a  =  2T5  in. 
6,-=  14  in. 
ds  =  6  in. 
For   the   section   between    the  left-hand  support  and  the   nearest   15,000  lb. 


~7o^d 


SO'-Q- 


lbs.  - 
19000 


4-0-0"  — 
—  50 -Q" 


F/c.a. 


load  : 


19000  . 
30X  14' 

19000 
2;"5X14 

5  y  I  9000 


45 '2  lb.  per  sq.  in. 
=  49'3  lb.  per  sq.  in. 
=  48  lb.  i)er  scj.  in. 


]2X27"5X6 

As   these   intensities  fall  below  the  maximum  permissible  in  the  concrete — 
60  lb.   per  sq.  in. — no  shear  reinforcement   is   necessary  ;   further,  it  is  not 
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necessary  to   make   any  calculations   for  the   middle   section,    as   these    will    be 
smaller  than  above. 

Working  now  from  the  right-hand  end,  we  get 

Ra  =  3\, 000  lb.,   1^1  =  20,000  lb. 

d,  a,  by  and  ds  as  before,  then  for  the  length  between  the  20,000  lb.  load  and 

the  support : 

.      31000      ^,.^  ,, 

/= -=/3  8  lb.  per  sn.  m. 

30X14 

,  31000  Q^.r     1U  • 

/i  = =  80  5  lb.  per  sq.  m, 

^      27-5XH  ^        ^ 

.       5X31000        -o-o  ,1 

T-,  = —  /b  3  lb.  per  sq.  m. 

12X275X6 

Each  of  the  above  values  is  greater  than  the  maximum  permissible  shear 
stress  in  the  concrete,  so  that  shear  reinforcement  will  be  required,  across  the 
three  planes  considered,  throughout  the  whole  of  the  end  length  of  the  beam. 

For  the  part  between  the  20,000  and  15,000  lb.  loads  we  get 
/? .4 -1V^  =  3 1,000 -20,000  =  11, 000  lb- 

As  this  is  less  than  i?A  =  19,000  lb.  at  the  left-hand  end  of  the  beam,  and  as 
the  previous  intensities  obtained  by  using /?^=  19,000  lb.  were  less  than  60  lb. 
per  sq.  in.,  then  the  intensities  in  this  case  will  be  still  less,  and  need  not  be 
further  considered.  We  had  already  decided  that  no  shear  reinforcement  was 
necessary  in  the  middle  section  of  the  beam  when  working  from  the  left-hand 
end;  but  it  was  necessary  to  consider  it  when  working  from  the  right-hand  end, 
because  the  intensities  in  the  right-hand  end  section  being  greater  than  60,  left  us 
no  alternative. 

Thus  taking  the  beam  as  a  whole,  shear  reinforcement  will  be  required  only 
in  the  right-hand  section  between  the  20,000  lb.  load  and  the  support,  and  each 
of  the  three  sets  of  planes,  along  which  shear  may  take  place,  must  be  so 
strengthened. 
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We  give  beloiv  some  further  particulars  of  the  neix)  method  of  applying  cement  mortar  by 
means  of  the  "Cement-Gun,"  and  ive  think  this  mode  of  procedure  is  TDorthy  of  close 
attention  by  our  readers,  as  it  has  already  been  used  "with  great  success  in  America. — ED. 


In  our  issue  of  May,  1912,  we  published  a  paper  describing  the  "Cement-Gun,"  which 
is  a  novel  method  of  applying  cement  mortar  by  compressed  air,  and  which  has  been 
used  with  great  success  in  various  large  engineering  projects  in  America,  among  others 
on  the  Panama  Canal,  where  it  has  been  employed  to  coat  the  disintegrating  rock  of 
the  Culebra  cut  with  concrete. 

The  apparatus  previously  described  by  us  has  been  considerably  altered  and  in  its 
improved  form  is  now  being  introduced  into  this  country. 

It  is  claimed  that  by  this  process  a  denser,  stronger,  more  homogeneous  and 
waterproof  product  is  possible  than  by  any  other  method.  The  term  "  Gunite  "  has 
been  applied  to  this  cement  mortar  to  distinguish  it  from  the  ordinarv  hand-worked 
stucco. 

In  making  "  Gunite  "  the  dry  materials  are  forced  through  a  hose  in  inter- 
mittent charges  by  means  of  compressed  air,  are  hydrated  at  the  nozzle,  and  applied  to 
the  work  with  a  velocity  corresponding  to  a  pressure  head  of  35  lb.  The  combination 
cf  cement,  sand,  and  water  necessary  to  produce  a  plastic  material  is  begun  at  the 
nozzle  of  the  gun,  and  is  completed  during  the  instant  of  transit  from  the  nozzle  to  the 
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THE  CEMENT  GUN. 


work.  It  is  known  that  the  moment  water  is  brought  into  contact  with  cement,  the 
initial  set  or  chemical  combination  begins.  This  initial  set  must  be  regarded  as  the 
first  step  in  the  hardening  which  gives  the  final  strength  to  the  mass.  In  this  new 
method  of  applying  mortar  the  initial  set  takes  place  on  the  work,  and  not  on  the 
mixing  board.  In  applying  "  Gunite  "  only  the  necessary  amount  of  water  is  used  to 
secure  the  perfect  hydration  of  the  cement.  This  is  obtained  by  the  forcible  application 
of  the  plastic  to  the  work  whereby  all  surplus  water  and  air  are  effectuallj'  expelled. 

"  Gunite  "  is  applied  to  any  surface  or  to  any  material  and  of  an}'  shape,  without 
the  use  of  forms,  and  its  surface  may  be  left  either  in  the  rough  or  finished.  It  has 
been  used  for  coating  brick  buildings,  repairing  sea-walls,  building  side-walks,  and 
fortification  work ;  coating  the  interior  of  tunnels  and  high-pressure  syphons ;  also  for 
coating  heavy  steel  members  at  the  New  York  Central  and  Hudson  Railroad's 
improvements  in  New  York  City,  and  all  the  steel  members  of  the  new  fifty-story 
Wool  worth  building  in  New  York  are  being  coated  by  this  process. 

The  Cement-Gun  was  also  used  at  the  water  department  of  San  Francisco,  Cali- 
fornia,  where   an   interesting   piece   of   work   was   accomplished  which   deserves   some 


View  of  the  Impro\ed  Pattern  of  the  "Cement-Gun." 


amplification.  Tnis  work  was  in  connection  with  a  large  oval  reservoir  designed  to 
hold  eleven  million  gallons  of  water  for  a  high  pressure  fire  system,  and  which  was 
divided  by  a  partition  wall  in  the  centre  so  that  alternate  sides  could  be  drained  for 
the  purpose  of  cleaning.  It  was»the  intention  of  the  constructors  to  fill  one  side  first 
and  have  the  invited  guests  stand  in  the  empty  side  during  the  opening  ceremony. 
However,  on  filling  one  side  it  was  found,  on  account  of  the  porosity  of  the  partition 
wall,  about  2  ft.  of  water  covered  the  floor  of  the  other  side.  A  coating  of  "  Gunite  " 
was  applied  on  each  side  of  the  wall,  the  entire  work  being  accomplished  in  eight 
days.  Immediately  on  the  removal  of  the  Cement-Gun  outfit  on  the  eighth  day  the 
water  was  turned  on  again  in  the  one  side,  and  the  seepage  of  water  was  found  to  be 
absolutely  stopped,  and  the  dedication  exercises  were  held  as  originallv  planned. 
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In  connection  with  the  use  of  "  (jiinite  "  fur  repairin<f  sea-walls,  wc  show  below 
an  illustration  of  its  use  for  the  Public  Park  Department  of  Lynn,  Mass.,  U.S.A.  The 
work  was  accomplished  between  tides  in  salt  water  and  was  completely  successful. 
'I"he  tides  had  no  efTect  whatever  on  the  recently  placed  concrete. 


Cemf.nt  Gun  at  Work  on  the  Sea  Wall  at  Lynn,  Mass.,  U.S.A. 

As  noticed  in  our  issue  of  February,  19 12,  a  series  of  tests  were  carried  out  bv  the 
well-known  engineering  firm  of  Westinghouse,  Church,  Kerr  and  Co.,  of  New  York, 
to  determine  whether  concrete-surface  coatings  applied  by  this  new  air-blast  device 
were  equal  or  superior  to  hand-applied  coatings.  The  report  contained  the  following 
conclusions,  which  we  publish  again  below  : — 

"  In  all  of  the  tests  made  the  product  of  the  Cement-Gun  showed  superior  to 
good  hand-made  products  of  the  same  kind.  The  degree  of  superioritv  varied 
between  wide  limits. 

"In  tensile  strength  the  gun-work  excelled  hand-work  in  everv  case  by 
amounts  ranging  from  20  per  cent,  to  260  per  cent. 

"In  compressive  strength  the  excellence  of  the  gun-work  was  ^\"en  more 
marked,  ranging  from  20  per  cent,  to  720  per  cent,  better  than  hand-work. 

"In  the  matter  of  surface  permeability  the  gun-work  absorbed  from  j\  down 
to  ^V  ^s  much  water  per  hour  per  unit  of  area  as  the  similar  hand-made  surfaces. 

"  As  regards  absorption  of  water  the  hand-made  mortars  took  up  from  i"4 
to  5"3  times  as  much  as  the  gun-made  mortars. 

"  The  percentage  of  voids  of  the  gun-made  product  range  from  22  per  cent,  to 
87  per  cent,  of  that  of  the  hand-made  product. 

"The  adhesion  of  the  gun-applied  mortars  was  on  an  average  11  per  cent, 
better  than  that  of  hand-work." 
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RECENT   BRITISH   PATENTS 
RELATING    TO    CONCRETE. 

We  propose  to  present  at  intervals  particulars  of  British  Patents  issued  in  connection 
"With  concrete  and  reinforced  concrete.  These  particulars  ha'ne  been  prepared  for  this 
Journal  t\>  Mr.  A.   W.  Farnstvorth.  of  Strand  Chambers.  Derbv.~ED. 


Improvemenis  in  or  relating  to  Moulds  for  Concrete  Walls,  Partitions,  Floors, 
Ceilings,  and  the  like. — No.  422/12.     Harold  Williamson  Lake.     Accepted  July  11/12. 

— This  is  a  highly-technical  description  from  an 
American  corporation  of  an  invention  for  sectional 
moulds  such  as  are  employed  in  the  construction  of 
monolithic  concrete  buildings,  walls,  partitions, 
floors,  ceilings,  etc.,  the  moulds  consisting  of  a 
number  of  flanged  plates  fastened  together  edge  to 
edge,  and  maintained  the  correct  distances  apart, 
for  the  insertion  of  the  material  forming  the  wall 
section  bv  spacing  pieces,  and  tie  bars  passing 
through  perforations  in  the  said  plates.  It  is 
claimed  that  complications  in  providing  for  mould 
corners  are  much  simplified,  and  that,  by  employing 
"  mould-sections  "  at  the  corners  of  the  mould 
which  pei'mit  adjustment  of  the  mould  for  various 
thicknesses  of  wall  and  for  various  odd  lengths  of 
wall  while  preserving  registry  of  the  apertures  in 
the  mould  walls  through  which  the  transversa 
tie  bars  are  to  be  passed,  great  gains  result. 
A  considerable  number  of  illustrations  of  different  methods  of  erecting  are  given, 
and  are  minutely  described.  Fig.  i  will,  however,  give  the  practical  builder  an 
introduction  of  the  lines  upon  which  the  specification  is  based.  Ten  different  claims 
are  made. 

Improvements  in  and  relating  to  the  Construction  of  Reinforced  Floors  and 
B  cams  of  Concrete  or  any  other  Fireproof  or  Fire're&isting  Material. — No.  2762/12 
William  John  Swain.  Accepted  July  4/12. — The  inventor  describes  an  improvement 
or  modification  of  the  ideas  contained  in  his  Specification  No.  11,444  of  191 1.  This 
improvement  consists  in  dispensing 
with  the  projecting  flanges  shown  in 
the  previous  invention,  as  it  is  stated 
that  exi^erience  has  shown  that  thev 
add  nothing  to  the  strength  of  the 
reinforced-concrete  beams  and  joists, 
whilst  at  the  same  time  it  is  necessary 
in  that  particular  construction  to 
arrange  the  lower  members  of  the 
reinforcement  at  least  an  inch  above 
said  flanges  in  order  to  obtain  the 
necessary  strength  of  adhesion  be- 
tween the  concrete  and  the  rein- 
forcing members.  As  this  appears  to  be  a  wasteful  method,  the  inventor  shows  in 
Fig.  I  a  sectional  view  of  a  p'air  of  blocks  and  an  intersecting  reinforced  concrete 
beam,  and  states  that  the  blocks  (i)  when  placed  in  position  for  casting,  beam  A  are 
supported  by  the  planks  (2)  with  the  necessary  number  of  props  (3)  to  support  the 
weight  of  the  floor,  until  beams  A,  which  are  cast  in  the  spaces  between  the  blocks, 
have  set  and  dried.  Deeper  beams.  A,  are  formed  by  dropping  planks  (2),  and  sup- 
porting blocks  (i)  by  side  pieces.  Serrations  are  formed  in  the  ends  of  blocks  (i)  to 
key  the  beams  to  the  blocks. 

By  adopting  this  method  the  inventor  claims  that  the  cost  of  the  expensive 
wooden  decking  and  centering  required   in    reinforced    concrete    construction   where 
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the  floors  hcive  to  be  cast  /'«  situ  is,  r.s  will  be  seen  by  the  drawing,  saved  l/\  liis 
method  of  construction. 

Improvements  in  Concrete  Water  and  like  Tanks,  and  Methods  of  Manufac- 
turing Same. — No.  6,438  12.  Jo/iii  llugli  McCoy.  Accef^tcd  July  1112. — This  is  an 
improved  method  of  manufacturing  concrete  water-tanks  for  carrying  a  body  of  water 
at  a  height  above  the  ground  such  as  is  required  for  railway  locomotive  supply,  etc., 

and  is  to  provide  a  tank  of  such  character,  circular  in 
cross  section,  having  a  lower  base  structure,  and  an 
upper  tank  portion  thereon  consisting  of  a  floor  or 
bottom,  a,nd  a  cylindrical  wall  extending  above.  The 
features  of  novelty  claimed  refer  principally  to  the 
iurangement  of  the  reinforcing  elements  and  their 
embodiment  with  the  main  tank  structure,  and  to  the 
method  of  making  the  structure  and  reinforcing 
elements  so  as  to  provide  a  continuous  integral  body 
of  concrete  having  the  imbedded  reinforcing  elements. 

Fig.  I  will  give  a  general  idea  of  the  inventor's 
proposals.  It  will  be  seen  that  the  entire  tank,  in- 
cluding the  sub-structure,  is  constructed  of  continuous 
integral  concrete  or  cement.  In  order  to  withstand 
the  different  strains,  the  outer  walls  and  the  weight- 
supporting  floor  are  strongly  reinforced  by  imbedded 
tension  rod  members  arranged  in  such  a  manner  as  to 
strongly  tie  the  walls  together  through  the  floor, 
utilising  the  central  supporting  pier  (3)  as  a  middle 
rest  for  the  transverse  truss  members  which  are  firmly 
incorporated  with  the  upper  wall  reinforcing  members. 

A  long  and  technical  description  is  given  of  the 
methods  of  building  this  tank,  in  which  the  inventor 
points  out  how  he  secures  various  advantages  by  his 
methods,  and  he  provides  for  modified  constructions  in  different  ways.  He  points 
out  that  he  avoids  the  use  of  H  beams  or  other  structural  members,  and  that  the 
continuity  of  the  structure  and  its  efficiency  to  withstand  the  strains  of  use  result 
directly  from  the  construction  and  results  of  the  improved  method  of  manufacture 
which  he  describes. 

Improvements  in  or  connected  witli  Interlocking  Concrete  Slabs  or  Blocks  for 
use  in  Building  Concrete  Walls,  Sheet  Piling.  Groins  and  other  Structures. — No. 

6,980/12.  Robert  Henry  Necil.  Accepted  July  25/12. — With  the  object  of  securely 
locking  together  a  number  of  concrete  slabs  when  used  for  building  up  groins,  break- 
waters, dams,  partitions,  walls,  and  other  structures,  the  inventor  provides  them  with 
overlapping  or  interlocking  lugs  which  may  be  cast  integrally  with  the  slabs,  or  which 
may  have  a  tongue  and  groove  connection  with  adjacent  slabs  for  duly  locking  together. 


The  intention  is  that  when  the  slabs  are  assembled  together  as  shown  in  Fig.  3,  concrete 
or  other  piles  or  fasteners  may  be  driven  through  the  lugs  which  have  holes  pro\-ided 
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through  them  for  that  purpose.     Thus  the  whole  structure  is  rendered  a  soUd  body 
thoroughly  tied  together  and  into  the  ground. 

Fig.  I  shows  the  lugs  both  as  cast  integrally  and  as  cast  loosely  with  tongue  and 
groove  connections. 

Improvements  relating  to  Reinforced  Concrete  Construction. ^No.  15,929/11. 
R.  N.  Mirza.  Accepted  July  10/12. — In  constructing  reinforcement  for  concrete,  the 
main  stress  member  is  preferably  formed  of  an  L-iron  or  other  shape  into  the  web  of 
which  is  punched  out  straps  having  bow-like  formation  with  locking  notches.     These 


FTg4 

straps  are  then  fitted  with  rods  of  suitable  section  to  act  as  continuity  or  shear  members. 
In  place  of  punching  out  the  bow-shaped  straps,  the  bow  straps  may  be  formed  of 
other  material  adapted  to  be  secured  to  the  main  stress  bars.  Fig.  z  shows  an  angle 
iron  punched  out  at  A  to  admit  of  fastening  securely  the  shear  member,  B.  Fig.  4 
shows  an  alternative  method  of  securing  the  shear  member,  B,  to  round  bars,  D,  by 
means  of  a  special  shaped  clip,  E.  Various  other  methods  are  described  by  which 
the  same  results  may  be  obtained,  but  the  two  examples  given  here  are  character- 
istic of  the  whole. 

Process  of  Manufacturing  Light  Constructions  of  Reinforced  Concrete.— No. 

16,984/11.  Ernest  Delille.  Accepted  July  25/12. — Light  buildings  are  made  by  the 
inventor  by  particular  arrangement  and  combination  of  detail  of  sills,  upi'ights,  wall- 
forming  slabs,  and  roof-forming  slabs  fitted  together,  the  roof  having  a  ridge  extending 
from  one  end  wall  to  the  opposite  wall.  Fig.  i  is  a  persepctive  view  of  the  foundation 
sills  and  uprights  which  have  just  been  taken  out  of  the  moulds  and  are  ready  for  use. 
The  finished  sills  (i)  having  indentations  and  grooves  are  placed  in  position,  the 
uprights  (2)  are  mounted  upon  them — these  latter  being  provided  with  grooves  and 
with  window  and  door  hinge  fittings  to  engage  recesses  in  the  sills.     Slabs  of  suitable 


^^  / 


thicknesses  are  then  inserted  in  the  grooves  up  to  the  upper  ends  of  the  uprights. 
Transverse  beams  (5)  connect  up  the  uprights,  these  beams  having  the  necessary 
grooves  and  openings  for  the  upper  edges  of  the  slabs,  and  for  the  heads  of  the  uprights. 
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The  roof  is  also  made  of  slabs  jointed  by  halved  joints,  and  various  other  methods 
are  described.  Fig.  5  shows  such  a  l)uilding  in  course  of  erection,  and  will  give  a  good 
idea  of  the  inventor's  intentions. 

Improvements  ia  or  relating  to  Concrete  Building  Construction. — No.  19,867/11. 

Arthiiy  \\'//li(iiJi  liainnuii^c.  Accepted  August  22,12. — This  is  an  attempt  to  provide 
improved  methods  of  building  concrete  walls  and  structures  without  the  aid  of  the 
usual  centering  or  boarding  required  by  ordinary  methods.  It  is  claimed  as  advantages 
that  the  building  may  be  plumbed  in  a  much  more  convenient 
way,  whilst  it  can  be  erected  in  a  very  economical  manner,  and, 
in  the  case  of  buildings  in  a  country  where  transport  is  difficult 
and  expensive,  it  reduces  the  quantity  of  material  it  is  necessary 
to  transport  for  erecting  the  structure.  After  referring  to 
various  known  methods,  the  inventor  describes  his  own  manner 
of  erecting  a  skeleton  framework  consisting  principally  of  rows 
of  scantlings  spaced  apart  for  the  thickness  of  the  wall  that  is 
to  be  erected,  the  scantlings  being  disposed  alternately  on  the 
inside  and  outside  so  as  to  be  more  accessible.  To  the  double- 
skeleton  frame  thus  formed  is  attached  Expanded  Metal  or  wire 
netting  of  any  usual  type,  the  concrete  being  filled  in  between 
the  netting  or  Expanded  IMetal,  so  that  the  scantlings  may  be 
removed,  leaving  the  Expanded  Metal  or  wire  netting  embedded 
in  the  concrete  or  in  its  surface.  The  netting  or  Expanded  Metal 
will  preferably  be  of  such  small  mesh  that,  although  it  will  be 
embedded  in  the  surface  of  the  w^all,  the  concrete  or  cement 
will  remain  as  separate  protrusions  through  the  mesh.  These 
protrusions  furnish  a  key  for  receiving  rough  plaster  casts, 
cement,  or  any  other  suitable  finish.  The  filling  in  of  the 
concrete  can  proceed  a  few  feet  at  a  time,  the  netting  being 
added  as  required  until  the  desired  height  is  reached. 

The  whole  construction  is  then  explained  in  detail,  and  a 
considerable  number  of  claims  made  for  it.  Fig.  2  will  show 
the  vertical  scantlings,   a  a,  the  method  of  attaching  the  netting 

or  Expanded  Metal  i^  ready  for  filling  up  with  the  concrete  as  described.  It  is  stated 
that  the  scantlings  when  placed  outside  the  Expanded  Metal  will  be  generally  removed, 
but  can  be  allowed  to  remain  if  required,  the  whole  being  finished  off  by  a  facing  in 
any  suitable  wav. 

Improvements  in  Helmets  for  Use  in  the  Driving  of  Reinforced  Concrete  Piles.— 
No.  26,073/11.  Yorkshire  Hennebique  Contracting  Co.,  Ltd.,  and  G.  \V.  Crawshaw. 
Accepted  July  25/12. — The  object  of  this  invention  is  to  provide  an  improved  helmet 
for  driving  concrete  piles.     It  is  stated  that  the  ordinary  method  of  doing  this  involves 

the  use  of  uprights  having  an  over-all  length  of 
about  5  ft.  which  have  to  be  kept  in  line  wdth  the 
piles  by  providing  gauge  bolts  and  "  leaders,"  the 
whole  arrangement  being  very  heavy  and  cumber- 
some, and  requiring  much  management  and  attention. 
On  reference  to  the  drawing  it  will  be  seen 
that  this  helmet  is  very  short,  not  exceeding  a 
length  of,  say,  a  foot  on  the  top  of  the  pile,  which 
enables  it  to  be  handled  manually  instead  of  by 
machiner}-,  dispenses  with  the  gauge  bolt  and  also 
sawdust  which  has  to  be  frequently  renewed,  and  by 
shortening  the  helmet  and  "  dolly  "  gives  a  better 
stroke  to  the  pile  driver,  thus  aiding  operations 
materially. 

Fig.  3  will  give  a  good  idea  of  the  apparatus — • 
a  b  is  the  body  of  the  helmet,  c  being  guiding  arms 
prolonged  down  the  pile  with  slots  adapted  to  take 
a  bolt,   d,   which  passes  through  a  hole  in  the  top 
of  the  pile,  and  is  used  for  keeping  the  helmet  vertical  and  in  position  ;  o-  is  a  wood 
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block  interposed  between  the  metal  body  and  the  top  of  the  pile  in  place  of  the  usual 
sawdust  ;  and  /  is  the  "  dollv  "  banded  as  at  /'.  Various  modifications  are  also 
described. 

Improvements  in  Fire-proof  Floors  and  Partitions  Constructed  in  Reinforced 
Concrete. — Xo.  26,805,11.  G.  E.  Montagnon  and  F.  Atkinson.  Accepted  June  27,12. 
— This  is  an  arrangement  by  which  reinforcing  of  concrete  beams  for  floors  with  the 
metal  truss  described  in  combination  Specification  Xo.  20,844  ^^  1909  is  described. 
The  arrangements  provide  for  the  floor  and  ceiling  slabs  to  form  a  continuous  or 
uninterrupted  floor  and  ceiling  surface.  Reference  to 
Fig.  I  will  show  that  the  beams  (A),  which  may  be 
cast  either  in  situ  or  elsewhere,  are  reinforced  at  F,  and 
are  formed  with  a  rebate  at  (G)  on  their  upper  portion, 
which  may  be  continuous  or  interrupted  as  desired, 
in  order  to  form  a  bearing  for  the  floor  slabs  (C).  The 
lower  portions  of  the  beams  [A)  are  also  provided 
with  projecting  fillets,  or  horizontal  ledges  {H),  which 
form  bearings  for  the  ceiling  slabs  (B).  A  method  of 
constructing  the  timter  moulding  for  "beams  {A)  is 
described  in  the  specification,  and  consists  briefly  of  a 
method  such  that  the  side  timbers  may  be  removed 
to  facilitate  the  drying  of  the  concrete,  leaving  the 
bottom  timbering  intact  and  supported  from  the  metal 
truss  (F),  as  described  and  illustrated  in  the  previous 
patent  Xo.  20,844  09.  The  object  of  this  is  that  no 
undue  stress  .shall  be  put  on  the  beam  during  the  process 
of  drying  out. 

The  flooring  slabs  (C)  and  the  ceiling  slabs  {B)  are, 
of  course,  provided  with  suitable  reinforcements  (D 
and  E),  and  are  cast  separately  or  together  and  hoisted 
into  position  between  the  beams. 

An  alternative  method  of  construction  is  also 
shown  in  Fig.  4,  in  which  the  flooring  and  ceiling  slabs 

are  cast  together,  being  connected  at  the  sides  b}-  means  of  ribs  (T)  and  in  this  case 
the  bottom  projecting  ledges  {H)  in  Fig.  i  may  be  dispensed  with.  Various  other 
alternative  methods  are  also  described,  but  the  above  give  the  general  idea  of  the 
invention. 
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BRIDGE  AT  CENTRAL  AVENUE,  ROCHESTER,  U>S.A. 

A    REINFORCED     CONCRETE    STRUCTURE     COMBINED    WITH    A 
CONCRETE  DAM  AND  HEAD-WORKS  FOR  POWER  DEVELOPMENT. 

The  descripiion  given  beloiu  of  the  construction  of  a  reinforced  concrete  bridge  and 
concrete  dam  combined  is  a  very  interesting  one,  our  particulars  having  been  taken  from  the 
"  Engineering  Record  "  The  photographs  nvere  kindly  rut  at  our  disposal  by  the  Depart- 
ment of  Engineering  of  the  City  of  Rochester,  U.S.A. — ED. 


A  REINFORCED  Concrete  bridg-e  made  up  of  a  series  of  nine  arches  has  recently 
been  built  by  the  city  of  Rochester  across  the  Genesee  River  at  Central  Avenue. 
At  this  point  a  portion  of  the  waters  of  the  stream  are  diverted  for  the  develop- 
ment of  iDO\\  er,  and  there  were  also  included  in  the  improvements  the  construc- 


View  of  Concrete  Arch  Ribs. 
Reinforced  Concrete  Bridge  at  Central  Avenue,  Rochester,  U.S.A. 
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tion  of  a  concrete  dam  over  a  certain  section  of  the  stream  and  concrete  head- 
works  for  Brown's  power  race,  which  is  located  along-  the  west  bank.  The 
rew  structure  is  494  ft.  long  and  66  ft.  wide  over  all.  In  the  middle  there  is 
a  depressed  section  18  ft.  wide  and  14  in.  deep,  in  which  are  laid  the  double 
tracks  of  the  New  York  State  Railways  Company.  On  either  side  there  is  a 
12-ft.  roadway  and  beyond  that  two  sidewalks  each  10  ft.   10  in.  wide. 

The    present  bridge    replaces    a    steel    structure    carried    on   three   lines    of 
trusses  with  a  total  width  of  46  ft.  2  in.      It  was  supported  on   nine  piers  and 


View  of  work  in  prof^ress. 
Reinforced  Concrete  Bridge  at  Central  Avenue,  Rochester,  U.S.A. 

two  abutments,   and  all  but  the  east  abutment  were  used  in  the  support  of  the 
new  bridge. 

At  the  east  bank  the  old  masonry  abuLment  was  torn  out  to  rock  and  a  new 
concrete  abutment  was  built  at  a  slightly  greater  distance  from  the  first  pier. 
This,  it  is  stated,  was  done  to  allow  for  additional  power  development  under 
consideration  at  present.  From  the  cast  side  the  first  eight  piers  are  parallel 
to  the  east  abutment  and  make  an  angle  of  68  deg.  and  30  min.  with  the 
centre  line  of  the  bridge.  The  west  abutment,  however,  forming  as  it  does  the 
wall  for  Brown's  race,  makes  an  angle  with  the  river  wall  opposite  the  end  of 
pier  No.  8  and  diverges  from  the  line  of  that  pier,  making  an  angle  of  131  deg. 
30  min.  with  the  centre  line  of  the  bridge,  this  angle  being  measured  in  ihe  same 
direction  as  the  previous  one.      On  account  of  the  increasing  span  due  to   this 
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divergence  between  the  aliutments  and  pier  No.   8  an  additional  pier  was  built 
out  from  this  one  parallel  to  the  face  of  the  west  abutment.      .'Xt  the  east  bank 
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the  water  is  diverted  to  the  power  plant  of  the  Rochester  Railway  and   Lio-ht 
Company. 
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On  accounl  <jf  llic  increased  widlh  of  the  new  structure  it  was  necessary  to 
build  out  concrete  additions  to  the  existing  piers.  To  accomplish  this  the 
masonry  nosings  were  remo\ed  from  piers  3  to  7,  incluhi\e,  and  the  abutting 
walls  from  piers  i  and  2.  The  masonry  of  the  piers  was  then  remoxcd  to 
an  elevation  below  the  springing  lines  of  the  arch  ribs  and  along  the  outer 
surface  of  the  piers  a  sufTicient  amount  to  enable  the  bonding  of  a  shell  of 
concrete  which  was  placed  over  the  entire  lateral  surface.  This  shell  was  12  in. 
thick  and  reinforced  with  -^-in.  vertical  and  |-in.  horizontal  square  twisted  bars 
spaced  12  in.  on  centres,  and  the  horizontal  bars  in  the  additional  sections 
were  bonded  with  the  concrete  shell  of  the  old  piers.  The  additional  sections 
and  the  annular  shells  of  concrete  were  anchored  to  the  old  piers  by  rods  placed 
in  holes  drilled  in  the  old  masonry.  The  concrete  addition  is  carried  to  a  height 
of  3  ft.  6  in.  above  the  springing  line  of  the  arch  ribs  and  is  made  symmetrical, 
with  a  width  of  7  ft.  at  the  springing  line.  After  placing  this  concrete,  the 
semicircular  granite  nosings  for  the  piers  were  replaced  and  anchored  to  the 
piers  with  i-hi.  dowels. 

The  two  abutments  are  buttressed  retaining  walls  with  buttresses  16  in. 
wide  spaced  5  ft.  on  centres  opposite  the  arch  ribs  of  the  bridge.  Each  is 
provided  with  a  bridge  seat  2  ft.  5  in.  A\ide,  furnishing  a  bearing  for  the  ends 
of  the  arch  ribs.  In  the  east  abutment,  which  is  entirely  of  concrete,  there  are 
2f-in.  by  -|-in.  anchor  rods  extending  from  the  arch  rib  section  down  through 
the  section  of  the  buttress  and  anchored  in  the  rock  below  the  concrete  base 
of  the  abutment.  In  the  case  of  the  west  abutment  use  was  partly  made  of  the 
existing  masonry,  and  the  earth  was  removed  from  Ijchind  it  to  afford  a  means 
for  placing  the  necessary  buttresses  at  the  back  of  the  wall.  The  masonry  in 
the  front  face  of  the  abutment  was  cut  down  to  tlie  required  elevation  for  the 
bridge  seat  and  a  concrete  back  wall  and  additional  section  was  built  above  il. 
The  method  of  reinforcing  employed  In  the  two  abutments  is  essentially  the 
same.  The  anchorage  for  each  arch  rib  in  the  west  abutment  consists  of  two 
bars  2j  bv  i  in.  in  section  and  65  ft.  long.  These  bars  are  bent  around  the 
semicircular  end  of  a  4-in.  cast-iron  saddle,  which  is  securely  anchored  in  the 
concrete.  At  the  section  where  the  concrete  of  the  arch  nb  meets  the  concrete 
of  the  abutment  a  sliding  joint  is  provided  by  wrapping  the  ends  of  these 
anchor  rods  with  greased  tar  paper  to  allow  the  bridge  to  move  westward  whui 
necessary  without  putting  a  compressive  stress  into  these  rods. 

At  the  north  end  of  the  east  abutment  a  concrete  retaining  wall  is  built, 
running  cast  and  west,  which  retains  the  driveway  to  the  Rochester  Railway 
and  Light  Company's  power  station.  All  foundation  work,  together  with  the 
concrete  facings  of  the  old  masonry  piers,  was  completed  in  the  fall  of  1910, 
the  work  being  done  while  the  old  structural  steel  bridge  was  still  in  use.  The 
new  dam  was  also  built  at  that  time,  and  it  is  stated  that  the  utmost  care  had 
to  be  exercised  iii  all  of  the  work  not  to  divert  or  blockade  either  of  tiie  two 
power  races  on  either  side  of  the  stream.  For  this  reason  at  no  time  could  ar.y 
of  the  water  be  diverted,  so  that  all  foundation  work  had  to  be  dene  by  means  <;! 
narrow  coffer  dams  placed  adjacent  to  the  piers  and  abutments,  which  required 
additional  concrete. 

The  superstructure  comprises  a  scries  of  arch  ribs  spaced  5  ft.    on  centres 
and   tied  together  with   transverse  beams  which  carry   the  floor  system  of  the 
777. 


<jy.  CONSTUUCnONALl 
g^  ENGINEERING 


XCj 


REINFORED  CONCRETE  BRIDGE. 


Ill 


REINFORCED  CONCRETE  BRIDGE.  iCONCRETS 

bridg-c.  These  arch  ribs  are  made  up  of  a  truss  work  of  angles  and  plates 
securely  riveted  togetlur  and  embedded  in  concrete.  These  rii)s  are  ih  in. 
wide  and  support  an  S-in.  reinforced  concrete  slab  in  the  roadway  and  beneath 
the  car  tracks  and  a  (i-in.  slal)  at  either  sidewalk.  The  arch  ribs  vary  in  span 
from  about  50  ft.  <)\er  the  greater  portion  of  the  structure,  with  a  rise  of 
9  ft.  6  in.  to  76  it.  over  a  portion  of  Brown's  race  with  a  rise  of  10  ft.  6  in. 

There  is  an  ornamental  parapet  and  balustrade  of  reinforced  concrete 
along  the  outer  edge  of  the  bridge,  which  comprises  a  moulded  base  sur- 
mounted by  kirge  and  small  panelled  posts,  a  line  of  balusters  and  a  heavy 
reinforced  handrail. 

In  connection  with  the  extension  of  the  bridge  piers  the  (^oncrete  d.im  was 
likewise  built.  This  dam  extends  between  the  faces  of  the  third  and  seventh 
piers  as  measured  from  the  east  end  and  is  joined  to  these  piers  by  a  curved 
section  at  either  end.  From  the  intermediate  piers  concrete  buttresses  are  built 
to  the  dam  section.  These  are  10  ft.  long  as  measured  from  the  base  of  the 
nosing  of  the  piers  to  the  inside  of  the  crest  of  the  dam  and  are  4  ft.  wide  and 
about  4  ft.  high.  The  dam  is  built  of  mass  concrete  on  a  rock  foundation  and 
is  anchored  to  this  by  a  key  3  ft.  wide  and  2  ft.  deep.  It  is  built  in  sections 
about  10  ft.  long  with  keyed  sliding  joints,  the  joints  being  covered  with  tar 
paper. 

The  gate-house  for  the  head-works  of  Brown's  race  is  a  two-story  rein- 
forced building  supported  on  reinforced  concrete  girders  extending  from  the 
south  end  of  the  west  abutment  to  an  isolated  pier  built  parallel  to  the  abut- 
ment opposite  the  end  of  Pier  No.  8  for  this  specific  purpose.  There  is  a  4-ft. 
walk  extending  from  the  abutment  to  the  grating  platform  of  the  gate-house, 
giving  access  to  the  structure.  The  gates  are  operated  in  nine  cast-iron  sets 
of  guides  which  are  anchored  in  the  concrete  at  the  race  bottom  and  likewise 
in  the  floor  of  the  gate-house. 

Special  attention  was  given  to  the  surfacing  of  the  concrete  in  the  bridge 
structure.  All  exposed  surfaces,  including  the  superstructure  of  the  gate- 
house, were  given  granolithic  surfaces,  consisting  of  one  part  of  white  Medusa 
cement,  two  parts  of  clean  white  sand,  and  three  parts  of  light-coloured  granite 
not  exceeding  J  in.   in  size.      They  were  likewise  bush-hammered. 

The  principal  concrete  mixing  plant  was  located  at  the  west  end  of  the 
bridge  in  the  excavation  behind  the  west  abutment,  about  22  ft.  below  street 
level.  This  enabled  dumping  directly  from  wagons  into  the  supply  hoppers 
of  the  material  bins.  A  Milwaukee  continuous  mixer  with  a  capacity  of  f  yd. 
was  used  at  this  point  and  the  concreting  materials  were  drawn  directly  from 
the  supply  bins  into  the  automatic  charging  hopper  of  the  mixer,  w  hile  the  con- 
crete was  elevated  about  50  ft.  above  the  bridge  to  a  distributing  hopper,  from 
which  it  was  transmitted  by  means  of  chutes  to  the  desired  location.  The  bulk 
of  the  concrete  was  handled  from  this  end  of  the  bridge  in  this  way,  but 
beyond  the  range  of  the  chutes  Ransome  concrete  carts  were  used  on  a  centre 
runway  built  at  such  a  height  that  the  remaining  portion  of  the  structure  could 
be  reached  without  difficulty  by  means  of  auxiliary  chutes.  The  bridge  was 
designed  by  Mr.  E.  A.  Fisher,  city  engineer,  and  the  construction  was  handled 
by  Mr.  John  G.  EUendt,  engineer  for  W'hitmore,  Rauber  &■  \'icinus,  the  general 
contractors  on   the  work. 
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It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method tve  are  adopting,  of  dividing  the  subjects  into  sections,  is,  ■we  believe,  a 
netu  departure. — ED. 


ROYAL   INSTITUTE   OF   PUBLIC   HEALTH. 

THE   USE  OF  REINFORCED   CONCRETE  IN 
ARCHITECTURE. 

Paper  by  HENRY  ADAMS.  M.Inst.C.E.,  M.l.Mech.E..  etc. 

TJie  foJloii'iitg  is  an  abstract  of  a  paper  on   the  above  subject  loliich  was  read  by  Mr. 

Henry  Adams  at   the   Congress   of  the   Royal   histitate   of   Public   HeaJfli,    held   in 

Berlin  in  July  last. 
The  constructive  branch  of  architecture  has  in  the  last  few  years  undergone  a  remark- 
able development  through  the  introduction  of  two  new  methods  of  construction  which 
have  many  useful  characteristics.  The  first  of  these  is  that  known  as  "  steel  frame 
construction."  \\'hen  the  London  Building  Act  of  1894  was  promulgated,  the  use  of 
brick  or  stone  was  alone  contemplated,  and  rules  were  laid  down  for  the  safe  construc- 
tion of  buildings  in  these  materials.  Rolled  joists  and  other  metal  sections  had  been  in 
use  for  some  thirty-five  years  as  subsidiary  details,  but  they  did  not  form  an  integral 
part  of  the  structure.  The  exigencies  of  modern  requirements  for  speed  and  economy, 
however,  induced  architects  to  adopt  steel  framework  more  and  more  for  the  interior  of 
their  buildings,  combined  with  concrete  in  the  floors  for  fire-resisting  purposes.  This 
enabled  building  operations  to  proceed  more  rapidly,  as  several  floors  could  be  in 
pi  ogress  at  the  same  time;  but  the  restrictions  of  the  Building  Act  prevented  them  from 
obtaining  the  full  benefit  of  the  method,  as  the  external  and  party  walls  had  to  be 
rairied  up  of  the  prescribed  thicknesses  whether  the  loads  were  carried  by  the  interior 
tonstruction  or  not.  Architects  saw  that  if  they  could  apply  the  same  principle  to  the 
external  walls  much  greater  speed  would  be  obtained,  and  the  period  during  which  the 
capital  expended  on  the  site  was  lying  dormant  would  be  greatly  curtailed,  in  conse- 
quence of  which  the  London  County  Council  were  induced  to  prom.ote  their  "  General 
Powers  Act  "  of  1909,  in  which  special  regulations  were  framed  for  the  construction  of 
steel-framed  buildings.  If  the  stabilitv  of  the  structure  was  provided  for  by  the  ste^el- 
work  alone,  the.  external  walls  need  not  be  more  than  brick  panels  filled  in  between  the 
framework  with  such  architectural  features  added  as  the  architect  might  desire  in  order 
tc  produce  a  proper  effect.  The  Ritz  Hotel,  Piccadilly,  was  the  first  building  of  any 
magnitude  constructed  wholly  upon  this  principle,  and  special  permission  had  to  be 
obtained  for  it,  as  the  new  rules  *were  not  then  in  force.  The  experience  with  this 
building  showed  the  facilities  which  the  method  of  construction  gave  for  rapid  progress, 
and  it  was  clearlv  proved  that  it  was  the  most  desirable  procedure  where  large  buildings 
were  concerned.  The  Morning  Post  building  followed  shortly  after,  and  since  then 
the  Royal  Automobile  Club  was  erected  in  a  similar  manner,  but  in  the  latter  building 
many  new  features  were  introduced  in  the  use  of  reinforced  concrete. 

This  brings  us  to  the  second  modern  development.  None  of  the  previous  Acts  or 
Regulations  contemplated  the  construction  of  buildings  wholly  or  chiefly  of  reinforced 
concrete;  but,  as  Government  works  are  outside  any  building  regulations,   Sir  Henry 

775 


ROYAL  INSTITUTE  OF  PUBLIC  HEALTH.  [CQNCBETE] 

Tanner,  the  Architect  of  His  Majesty's  Office  of  Works,  was  able  to  ck-.sij;n  and  carry 
out  a  large  General  Post  Office  on  this  system.  The  economy  of  construction  was  most 
marked  ;  the  buildings,  of  six  and  seven  floors,  with  a  total  area  of  nearly  ten  acres, 
cost  only  about  2^6.  per  cubic  foot  of  total  contents,  excluding  stone  fronts. 

Other  architects  wished  to  follow  suit,  and  the  London  County  Council  are  now 
drawing  up  regulations  to  cover  its  use.  These  regulations  are  at  present  only  in  draft ; 
they  have  been  subject  to  much  criticism,  but  they  ar<>  based  upon  suggestions  of  the 
Royal  Institute  of  British  Architects,  the  Concrete  Institute,  and  other  public  bodies 
concerned  in  the  use  of  this  material,  and  there  is  no  doubt  that  they  will  provide  a 
simple  and  complete  set  of  instructions  which  will  enable  a  building  to  be  designed 
with  safety  and  economy.  The  regulations  are  at  the  present  time  undergoing  their 
final  revision  before  being  sanctioned  by  the  Local  GovtTnment  Board,  and,  although 
it  is  scarcely  to  be  hoix^d  that  they  will  not  meet  with  opjx)sition  on  the  part  of  the 
sjiecialist  firms  who  would  like  a  free  hand,  all  the  objections  that  have  so  far  been 
made  public  have  been  met  in  a  conciliatory  spirit  and  very  little  real  hardship  is  likely 
to  arise  in  the  interpretation  of  the  regulations  by  the  district  survey<irs.  In  the  case 
of  steel-framed  buildings,  the  District  .Surveyors'  .Association  have  drawn  up  outline 
forms  showing  the  particulars  and  calculations  that  are  required  to  accompany  the 
plans  before  thev  can  be  examined  and  permission  granted  for  building ;  and  doubtless 
they  will  prepare  similar  forms  dealing  with  reinforced  concrete  construction,  so  that 
the  architect  or  engineer  acting  for  the  building  owner  may  know  exactly  what  he  is 
required  to  furnish,  and  all  applications  will  be  made  upon  the  same  basis. 

The  general  method  of  this  form  of  construction  is  now  well  known,  but  it  may  be 
useful  to  go  a  little  into  detail  with  regard  to  some  of  the  more  prominent  charac- 
teristics. It  is,  of  course,  understood  that  the  main  principle  consists  in  such  a 
cc'mibination  of  the  two  materialls,  steel  and  Portland  cement-concrete,  that  the  steel 
takes  the  tensile  stresses  and  the  concrete  the  compressive  stresses,  so  that  each  is  used 
to  the  best  advantage  and  therefore  most  economically.  In  certain  parts  of  a  structure 
it  may  happen  that  the  steel  also  takes  compressive  stresses,  as  in  pillars  and  over  the 
supports  of  continuous  beams,  but  this  is  merely  incidental.  Floors  constructed  upon 
this  method  usuallv  consist  of  main  beams,  cross  beams  and  the  floor  slab  so  propor- 
tioned that  the  minimum  oif  material  produces  the  maximum  result.  The  floor  slab 
being  continuous  and  only  having  to  span  6  ft.  to  lo  ft.  need  only  be  4  in.  or  5  in.  thick  ; 
this  rests  upon  the  cross  beams,  say,  about  10  in.  or  12  in.  deep  by  6  in.  or  8  in.  wide; 
but,  the  work  being  monolithic,  part  of  the  floor  slab  acts  as  a  top  flange  to  the  beams 
and  converts  them  into  tee  beams.  These  cross  beams  in  turn  rest  upon  the  main 
beams,  sav,  24  in.  to  28  in.  deep  by  10  in.  or  12  in.  wide.  An  angle  fillet  is  formed  at 
all  the  junctions  instead  of  leaving  a  plain  square  junction,  and  an  angle  bracket  is 
formed  below  all  beams  at  their  resting  points.  The  steel  reinforcement  bars  are 
provided  to  meet  the  maximum  bending  moments  in  the  centre  of  the  beams,  and  then 
some  of  them  are  turned  up  towards  the  ends  to  meet  the  shear  stresses.  In  addition, 
there  are  steel  stirrups  provided  on  these  rods,  closer  together  at  the  ends  of  the  beams 
and  wider  toward  the  centre,  to  take  the  general  shear  stress  which  increases  from  the 
centre  towards  the  ends.  Some  of  the  early  failures  were  due  to  lack  of  provision  for 
shear.  The  floors  are  supported  by  reinforced  concrete  pillars  and  by  the  walls.  The 
pillars  consist  of  vertical  steel  rods  embedded  in  the  pillar  i^  in.  from  the  outer  surface, 
and  hooped  round  with  small  rods  to  prevent  them  from  bulging  when  the  load  comes 
on.  The  walls  practically  consist  of  pillars  and  panels  constructed  on  the  same  general 
principles. 

Reinforced  concrete  construction  is  particularly  adapted  for  resisting  the  effect  of 
a  fire,  provided  that  limestone  has  not  been  used  in  making  the  concrete.  Coke  breeze 
makes  a  fire-resisting  concrete,  but  is  deficient  in  strength  and  expands  when  water 
is  applied.  Hard  broken  brick,  of  varving  size,  passing  a  |-in.  mesh  and  retained  on  a 
^-\n.  mesh,  is  perhaps  the  best  material  for  the  larger  aggregate,  and  clean  sand 
passing  a  5-in.  mesh  and  retained  on  a  1-50  in.  mesh  the  best  for  the  smaller  aggregate, 
the  mixture  being  i  part  of  sftindard  Portland  cement,  2  parts  sand,  and  4  parts  broken 
brick. 

Thin  partition  walls  are  easily  made  in  reinforced  concrete  with  a  total  thickness 
of  I5  in.  or  2  in.  The  reinforcement  may  be  ware  netting.  Expanded  Metal,  wire 
lattice,  or  dovetailed  corrugated  steel,  erected  in  place  and  coated  on  both  sides. 
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Although  mention  has  only  been  made  of  the  principal  features,  it  is  usual  in  this 
kind  of  construction  to  adapt  the  material  to  all  the  various  purposes,  including  roofs, 
stairs,  retaining  walls,  tanks,  etc.  Roofs  may  be  arched,  or  pitched,  or  flat.  Arched 
roofs  are  designed  as  flexible  arches  for  the  reason  that  they  will  withstand  tension. 
Pitched  roofs  are  constructed  usually  upon  the  collar  beam  principle  for  ordinary 
buildings,  or  of  the  saw-tooth  or  weaving-shed  pattern,  with  north  lights,  for  a  ware- 
house or  factory.  Flat  roofs  are  constructed  in  the  same  way  as  floor  slabs,  but  with 
falls  to  the  rain-water  gutters.  Staircases  are  made  in  various  ways,  but  generally 
with  a  reinforced  beam  for  the  outer  string  and  the  treads  and  risers  as  floor  slabs. 

Many  endeavours  have  been  made  to  render  concrete  waterproof.  The  earlier 
systems  included  the  insertion  of  a  layer  of  asphalte,  then  the  insertion  of  flexible  sheets 
containing  indiarubber  in  their  composition,  but  latterly  the  concrete  itself  has  been 
relied  upon  with  certain  modifications.  -At  the  Farlington  Reservoirs  of  the  Portsmouth 
Water  Co.  the  floors  and  walls  were  covered  with  two  coats  of  cement  rendering,  the 
first  coat  being  |  in.  thick  and  the  finishing  coat  ^  in.  thick.  In  another  case  of  a 
reinforced  concrete  wall  subject  to  inundations,  an  outer  coating  of  i^  in.  cement 
mortar  prepared  with  fine  river  sand  and  a  solution  of  soft  soap  in  water  (4  lb.  soap  per 
cubic  yard  of  concrete)  was  laid  on,  and  this  again  covered  with  3^  in.  of  fine-grained 
concrete.  By  another  method,  powdered  alum  is  mixed  with  dry  cement  and  sand, 
and  hard  soap  is  dissolved  in  the  water  used  for  gauging  the  concrete.  The  alum  and 
soap  combine  and  form  a  finely  divided  flocculent,  insoluble,  water-repelling  compound 
which  fills  the  pores  of  the  concrete.  The  usual  proportions  are  i  part  alum  and  2  to  3 
parts  hard  soap  to  100  parts  of  water,  the  water  used  being  about  20  per  cent,  of  the 
bulk  of  the  concrete.  Sometimes  ordinary  dry  hydrated  lime  is  added  to  the  cement, 
in  the  proportion  of  10  lb.  lime  to  each  i  cwt.  of  cement,  the  sand  and  larger  aggregate 
being  carefully  graded  and  the  mixture  made  with  a  full  supply  of  water.  Other 
constructors  use  the  lime  in  a  rendering  mixture  only,  two  coats  each  ^  in.  thick  of 
10  per  cent,  lime,  90  per  cent,  cement,  and  200  per  cent,  sand,  the  walls  being  first 
brushed  and  cleaned  with  steel  brushes.  No  settled  practice  yet  exists,  and  it  is  very 
desirable  that  some  public  body  should  undertake  an  exhaustive  series  of  experiments 
to  ascertain  the  simplest  and  best  means  to  employ  to  ensure  water-tightness. 
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Under  this  heading  reliable  information  tvill  be  presented  of  neiu  tvorks  in  course  oj 
construction  or  completed,  and  (he  examples  selected  tvill  be  from  all  parts  of  the  'world. 
It  is  not  the  intention  to  describe  these  ivorks  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  ivhich  ser^vcd  as  a  basis 
for  the  design.— ED. 

REINFORCED  CONCRETE    FACTORY    FOR    THE    UNION 
CABLE   COMPANY. 

A  largp:  reinforced  concrete  factory  has  recently  been  completed  for  the  L'nion  Cable 
Company  at  Dagenham  Dock,  Essex,  by  Messrs.  Samuel  Williams  .and  Sons,  Ltd.,  of 
Dagenham  Dock. 

The  factory  has  a  total  length  of  5415  ft.  and  a  width  of  116  ft.  4  in.,  divided, 
as  far  as  the  works  portion  is  concerned,  into  three  bays.  The  central  bay  is  33  ft. 
wide  with  a  clerestory  roof  39  ft.  6  in.  from  the  floor  level.  The  side  bays  are  41  ft. 
wide  with  a  height  of  about  25  ft.  from  floor  to  roof  boards. 

The  whole  of  the  floor  is  raised  about  ,4  ft.  6  in.  above  the  ground  level  in  order 
to  be  on  the  level  of  the  bottom  of  a  railway  wagon  when  on  the  adjacent  sidings.  This 
fltjor  is  carried  upon  550  "  W'illiruns  "  patent  steel  and  concrete  piles,  25  ft.  in  length, 
firmlv  driven  into  the  subsoil  of  gravel. 


View  of  work  in  course  of  construction. 
Reinforced  Concrete  Factory  for  the  Union  Cable  Company. 
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Interior  View. 


View  of  Piles,  showing  some  of  these  stripped  for  fixing  the  outside  girder. 
Reinforced  Concrete  Factory  for  the  Union  Cable  Company. 
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It  will  be  seen  from  iIk-  iilustraiiun  on  paj^c  77S  that  the  ])ilcs  su]JiJort  a  r<'infoi'c-fd 
concrete  girder.  'J"he  concrete  has  been  broken  away  from  the  top  of  the  pile  allowing 
the  central  joist  to  become  exposed.  A  fresh  I-section  joist  has  been  fished  on  and 
stands  up  through  and  above  the  reinforced  girder  ready  to  be  encased  in  concrete  and 
faced  on  the  outside  with  building  blocks.  It  then  becomes  a  column  to  support  a  roof 
l^rincipal. 

The  same  procedure  is  adoplfd  in  thf  office  block,  aiui  in  !!:<■  sam<-  illustration  tin- 
columns  will  be  seen  supporting  the  various  tlcKJrs  and  i)r<'pared  for  taking  the  rein- 
forced girders  which  carry  the  rcxjf. 

The  roof  is  of  reinforced  concrete  6  in.  thick  and  has  sid<'s  which  enable  it  to  be 
used  as  a  water  tank  containing  some  60,000  gallons. 

The  walls  of  the  office  block  are  composed  of  hollow  concrete  blocks  tied  to  the 
columns  with  hoop  iron  ties.  They  are  supported  at  the  bottom  by  the  main  girder 
and  above  each  row  of  windows  a  ribbon  girder  of  reinforced  concrete  incorporating 
the  floor  reinforcement  is  run  all  round  the  building.  This  ties  the  work  together, 
forms  window  heads,  and  supports  the  block-work  above  it. 

A  reinforced  concrete  loiiding  platform  topped  with  scoriae  blocks  runs  the  whole 
length  of  the  building. 

The  roof  of  the  main  factory  is  composed  of  RulxToid  laid  on  2^-in.  tongued  and 
grooved  battens  supported  on  steel  principals  which,  in  turn,  are  carried  by  the  rein- 
forced columns  before  mentioned  on  the  outside  and  by  two  rows  of  steel  stanchions  on 
the-  iniside.  A  good  idea  of  the  interior  is  shown  in  the  illustration  on  page  779.  In 
this  the  crane  rails  supported  by  reinforced  concrete  corbels  are  seen. 

REINFORCED   CONCRETE   BRIDGE   AT    KING'S   CROSS   STATION. 

The  Metropolitan  Railway  have  recently  carried  out  important  alterations  and  improve- 
ments in  several  of  their  stations,  and  it  is  worthy  of  note  that  reinforced  concrete  is 
being  extensively  used  for  these  works. 

The  new  bridge  at  King's  Cross  Station,  uniting  the  Gray's  Inn  Road  to  the 
Pentonville  Road,  through  the  site  of  the  old  booking  office,  is  the  most  recent  applica- 
tion of  this  method  of  construction.  The  whole  of  the  work  was  carried  out  under  the 
superintendence  of  Mr.  W.  Willox,  M.I.C.E.,  Engineer  of  the  Metropolitan  Railway 
Company.  This  bridge  is  a  further  proof  of  the  confidence  which  engineers  are  now 
willing  to  give  to  reinforced  concrete  construction.  The  bridge,  which  is  built  on  the 
Coignet  system,  is  claimed  to  be  the  largest  road  bridge  of  this  description  in  London. 
The  various  dimensions  of  the  work  are  as  follows  : — 

The  bridge  is  composed  of  two  S|>ans  of  straight  beams  and  is  slightly  on  the  skew, 
the  main  span  is  52  ft.  and  the  smaller  span  32  ft.,  giving  a  total  length,  taking  into 
account  the  short-end  spans,  of  130  ft.  ;  the  width  of  the  bridge,  including  the  foot- 
path, is  60  ft. 

A  remarkable  feature  of  the  construction  was  that  it  had  to  be  erected  without  in 
any  wav  interfering  with  the  traffic  of  the  four  lines  of  railway  below.  In  order  to 
(sbviate  the  difficulty  of  having  to  support  the  wooden  centering  and  moulds  for  the 
reinforced  concrete  over  the  railways,  old  trellis-work  girders  were  used  which  had 
previously  been  utilised  for  the  floor  of  the  booking  hall  of  the  old  station. 

The  bridge  is  calculated  to  carry  two  lines  of  double-deck  electric  tramways  of  the 
usual  London  County  Council  type.  As  shown  on  page  784,  special  accommodation 
has  been  provided  for  the  cast-iron  yokes  and  ducts  supporting  the  rails  and  the  trans- 
mission of  the  electric  power.  Special  pipe  ducts  have  also  been  provided  for  under- 
neath the  footpaths. 

The  roadwav  on  either  side  of  the  tram-lines  has  been  calculated  for  he.v.vy  traffic. 

This  bridge,  which  was  opened  to  traffic  on  the  ist  of  July,  was  prev-iousily  tested 
during  the  night  whilst  the  traffic  underneath  was  suspended.  This  test  was  carried 
out  under  the  superintendence  of  Mr.  O.  C.  G.  Drury,  engineer  representing  the  Metro- 
politan Railway,  and  Messrs.  G.  C.  Workman  and  M.  Behar,  engineers  representing 
Messrs.  Edmond  Coignet,  Ltd.  The  contractors,  Messrs.  W.  King  and  Son,  were 
represented  by  the  foreman.  Air.  Selby.  Special  tramcars  loaded  with  bags  of  sand 
were  provided  for  the  purpose  by  the  London  County  Council,  who  also  were  repre- 
sented by  one  of  their  officials.  These  loaded  cars  were  gradually  made  to  pass  over 
the  bridge  at  various  speeds.     No  appreciable  deflections,  however,  were  recorded,  and 

780 


d 


CCfNSTBUCnONAq 
ENGTNEERING  — J 


REINFORCED  CONCRETE  BRIDGE. 


a  noticeable  feature  was  the  entire  absence  of  vibration,  even   when  both  trams  were 
made  to  pass  rapidly  over  the  bridge. 

The  reinforcement  of  the  work  is  composed  of  round  bars  of  mild  steel  arranged 
in  accordance  with  the  Coignet  svstem.     The  main  bars  of  the  beams  varv  in  diameter 


between  about  i  in.  and  I5  in.  The  tension  and  compression  reinforcing  bars  which 
are  placed  respectively  at  the  bottom  and  at  the  top  of  each  beams  are  connected 
together  by  means  of  stirrups,  made  also  with  round  bars  of  small  diameter.  The 
bars  in  tension  are  arranged  in  groups  of  seven  for  each  unit,  the  ends  of  six  of  the 
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bars  of  each  tjroup  bein^  gradually  bent  upwards  and  hooked  to  the  upper  bars  of  the 
beam  in  order  to  resist  the  shearing  stresses  and  in  order  to  form  a  mechanical  con- 
nection between  the  top  and  bottom  reinforcement.  The  slabs  between  the  beams  are 
reinforced  by  means  of  a  mesh-work  of  round  bars  of  diameters  varying  between  f  in. 
and  I  in. 

The  calculations  of  the  work  have  been  made  in  accordance  with  llie  rules  of  the 
Royal  Institute  of  British  Architects  for  reinforced  concrete. 

The  design  of  the  bridge  was,  we  understand,  obtained  by  Messrs.  Edmond  Coignet, 
Ltd.,  of  20,  Victoria  .Street,  .S.W.,  in  open  competition  with  several  other  of  the 
principal  systems,  and  their  scheme  and  calculations  were  ver}-  carefully  gone  into  by 
the  engineers  of  the  Metropolitan  Railway  Company  before  deciding  upon  the  adoption 
I'.f  the  Coignet  system. 

It  is  obvious  that  very  considerable  precautions  had  to  be  taken  by  all  those  con- 
cerned in  the  construction  of  this  bridge,  more  especially  on  account  of  the  important 


View  showinii  Conduits  for  Tramways. 
Reinforced  Conxrete  Bridge  at  King's  Cross  Station. 


position  which  it  occupies,  and  the  fact  that  it  was  impossible  in  any  way  to 
interrupt  the  traffic  either  underneath  the  bridge  or  at  either  side  of  the  abutments 
during  construction  of  the  work.  It  is  interesting  to  notice  that,  although  there  is  a 
constant  and  considerable  vibration  practically  on  all  sides  of  this  bridge,  this  does  not 
seem  to  have  interfered  with  the  concrete  in  any  way.  It  is  scarcely  necessary  to 
point  out  that  this  bridge  in  reinforced  concrete  will  require  no  maintenance  or 
painting  as  in  the  case  of  a  steel  bridge,  and  this  is  of  some  importance  on  account  of 
the  fact  that,  apart  from  the  electric  railways,  there  are  two  lines  of  ordinarv  railwav 
traflfic  passing  underneath  the  smaller  span,  and  it  is  well  known  that  the  fumes  of 
locomotives  have  the  effect  of  deteriorating  the  flanges  and  web  of  steel  girders. 

Another  advantage  of  the  use  of  reinforced  concrete  for  this  bridge  is  the  lack  of 
vibration  as  compared  with  a  steel  structure,  and  also  the  fact  that  instead  of  growing 
weaker  with  age  the  work  will  gradually  increase  considerably  in  strength. 
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CONCRETE  BLOCK  COTTAGES  AT  TALBOT S  INCH.  KILKENNY. 

In  the  frontispiece  to  this  issue  we  show  an  illustration  of  six  of  the  cottages  at 
Talbot's  Inch,  Kilkerm\-,  built  for  the  Ccuntoss  of  Desart  for  the  emplovees  in  the 
Kilkenny  woodworkers,  Kilkenny  woollen  mills,  and  tobacco  plantation  industries. 

The  cottages  were  built  entirely  of  "  Winget  "  blocks,  the  interiors  all  bein<*  Fibro 
cement  sheeting  and  the  roof  of  Fibro  cement  tiles.  The  cottages  present  a  verv 
pleasing  appearance,  as  will  be  seen  from  the  frontispiece,  and  have  given  complete 
satisfaction. 

The  whole  of  the  cottages  have  been  designed  and  carried  out  by  Mr.  F.  ^^■.  Kiddie 
Architect  and  Manager,  Talbot's  Inch. 


Petersoa's  Tower  at  Hordle,  in  Hampshire,  bailt  of  Concrete. 
The  Highkst  Sepulchral  Monument  in  Europe. 


THE    HIGHEST 

SEPULCHRAL 

MONUMENT 

IN    EUROPE. 

There  is  situated  at  the 
little  village  of  Hordle, 
some  four  miles  from 
Lymington,  in  Hampshire, 
what  is  believed  to  be  the 
highest  sepulchral  monu- 
ment in  Europe.  This 
monument  forms  a  land- 
mark for  miles  round,  and 
inasmuch  as  it  is  stated  to 
be  built  of  cement  concrete 
the  illustration  of  this 
curious  erection  which  we 
are  able  to  present  will  no 
doubt  be  of  interest  to 
readers  of  this  journal. 

The  tower  is  stated  to 
be  about  300  ft.  high,  and 
to  have  been  erected  by  the 
late  Mr.  A.  T.  T.  Peterson 
some  forty  years  ago  to 
prove  the  durability  of 
concrete  as  a  building 
niriterial. 

Mr.  Peterson  died  a 
few  \ears  ago,  and  left  in- 
structions in  his  will  that 
his  remains  were  to  be  de- 
posited in  this  tower, 
where  thev  now  rest. 
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A  short  summary  of  some  of  the  leadinc!  books  -which  hd've  appeared  during  the  last  fetu  months. 


"HandbooK  of  Reinforced  Concrete  Con- 
struction" iHandbuch  fiir  Eisenbeton- 
bau).  2nd  Edition.  Vol.  I.  The  History 
and  Theory  of  Reinforced  Concrete. 
Edited  by  Dr.  F.  yon  Emperger. 

Berlin  :  Wilhelm  Ernst  &  Sohn.  1912  Price  25  marks. 
Pp.  XIX. +  655,  with  975  figures  and  a  plate. 

The  greater  part  of  this  standard  work 
on  reinforced  concrete  being  now  out  of 
print,  a  second  edition  is  in  course  of 
publication,  of  which  the  first  volume  is 
now  before  us.  The  work  is  thoroughly 
German  in  its  conception  and  execution, 
and  is  planned  on  a  scale  which  would 
probably  be  impossible  in  any  other 
country'.  When  complete.  Dr.  F.  von 
Emperger's  "  Handbook  "  will  occupy 
twehe  volumes,  or,  with  a  supplementary 
volume  dealing  with  the  artistic  treatment 
of  reinforced  concrete,  thirteen.  This 
first  volume,  admirably  printed  and  pro- 
duced, deals  with  the  history  of  the 
development  of  reinforced  concrete  con- 
struction, and  with  the  general  theory, 
together  with  a  review  of  the  principal 
tests  and  experiments  on  which  that 
theory  is  based. 

It  may  be  said  at  once  that  the  treat- 
ment of  the  subject  is  encyclopaedic,  and 
the  mass  of  the  work  is  so  great  that  it 
is  not  to  be  used  or  understood  at  all 
readily  without  a  previous  acquaintance 
with  "the  subject,  whilst  some  sections 
show  an  impartiality  in  recording  the 
results  of  tests  which  is  almost  excessive, 
and  the  reader  would  be  grateful  for  a 
more  critical  comparison  of  the  results  of 
different  workers  whose  experiments  are 
not  conducted  on  a  uniform  plan.  The 
value  of  the  Handbook  is,  however,  incon- 
testable, and  the  sections  of  the  volume 
may  now  be  noticed  in  succession. 

History. — The  historical  review  is 
written  by  Prof.  M.  Foerster,  of  Dresden, 
and  deals  with  the  subject  of  Portland 
cement  as  well  as  with  those  of  concrete 
and  reinforced  concrete.  The  author  is 
fair  in  his  examination  of  rival  claims, 
and  his  narrative  is  both  clear  and  inte- 
resting. More  might  have  been  made  of 
the  knowledge  of  concrete  possessed  by  the 
Romans,  whose  use  of  the  material  was 
more  extensive  than  might  be  supposed 
from  the  account  given,  whilst  we  now 
know  that  even  reinforcement  with  metal 
was  resorted  to  on  occasion.    In  respect  to 
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cement,  a  definition  of  Portland  cement  is 
giyen  which  would  exclude  the  so-called 
"  iron-Portland  cement."  A  highly  inte- 
resting account  of  the  development  of  rein- 
forced concrete  construction  in  each  of  the 
European  countries  and  in  the  United 
States  follows,  in  which  full  justice  is 
done  to  the  chief  pioneers  of  the  system. 
The  methods  of  arriving  at  rules  for 
computation  are  also  briefly  reviewed 
from  a  historical  point  of  view,  as  a  pre- 
liminary to  the  detailed  treatment  later  on. 
Here  we  cannot  but  observe  how  small  <i 
share  this  country  has  had  in  the  scientific 
development  of  this  method  of  construc- 
tion, in  comparison  with  that  of  France, 
Germany,  Austria,  or  .Switzerland.  There 
are,  of  course,  many  reasons  for  this,  of 
which  the  almost  complete  divorce  between 
architecture  and  engineering  in  England 
is  one  of  the  most  obvious ;  but  the  fact  is 
a  rather  melancholy  one.  The  review  of 
English  work  might  have  been  somewhat 
more  complete.  The  Concrete  Institute  is 
not  mentioned,  and  the  literature  refer- 
ences only  include  the  first  edition  of 
Marsh's  well-known  book,  which  appears 
in  the  bibliography  as  if  it  were  published 
only  in  New  York.  Reference  might  also 
have  been  made  at  this  stage  to  the  publi- 
cations of  the  Fire  Prevention  Committee, 
although  the  tests  of  this  body  will  no 
doubt  be  discussed  w^hen  the  subject  of 
security  against  fire  comes  to  be  treated. 

Compressive  Strength. — The  compres- 
sive strength  of  plain  and  reinforced  con- 
crete is  discussed  in  an  illuminating 
manner  by  Prof.  M.  R.  von  ThuUie,  of 
Lemberg.  In  addition  to  the  Continental 
tests,  much  use  is  made  here  of  the  excel- 
lent American  tests  of  Talbot  and  others, 
whilst  a  few  British  tests  are  also  in- 
cluded. Fuller  particulars  as  to  the  exact 
nature  of  the  concrete  mixtures  employed 
would  be  useful  in  certain  of  the  cases 
quoted,  but  this  important  factor  is  duly 
considered  in  the  author's  summing-up. 
It  is  to  be  noted  that  the  .Austrian  regula- 
tions provide  for  a  permissible  stress  which 
varies  with  the  materials  used  in  the 
concrete. 

Arches.—  A  very  detailed  account  of  tests 
on  arches  is  given  by  Dr.  Kleinlogel,  of 
Darmstadt,  from  Wayss's  e.xperiments  in 
1886  to  the  most  recent  loading  tests.    The 
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theory  of  the  arch  is  treated  in  a  separate 
chapter  by  Prof.  J.  Melan,  of  Prague.  The 
highly  mathematical  character  of  this 
chapter  mav  come  as  a  surprise  to  those 
who  have  not  yet  realised  the  exceedingly 
complicated  nature  of  the  stresses  in  a 
hinged  or  unhinged  arch  under  eccentric 
loading,  and  the  formidable  array  of 
integrals  found  necessary  in  the  solution 
of  such  problems  is  a  vivid  illustration  of 
the  need  of  thorough  scientific  training  in 
this  branch  of  construction.  Reinforced 
concrete  is  not  a  material  to  be  applied  by 
rule  of  thumb,  and  it  must  be  emphasised 
that  a  full  mathematical  investigation  is 
necessary  if  such  structures  are  to  be 
erected  with  safety  and  without  an  exces- 
sive waste  of  material.  The  difficult - 
subject  of  several  continuous  arches 
is  well  treated,  and  the  chapter 
closes  with  a  series  of  concrete  examples, 
several  arched  bridges  which  ha\e  been 
actually  constructed  being  worked  out  in 
detail. 

Beams. — Tests  and  experiments  with 
beams  are  treated  by  Hr.  Otto  Graf,  of 
Zuffenhausen.  An  interesting  conclusion, 
drawn  from  the  results  of  a  number  of 
workers  is  that  whilst  reinforced  beams 
which  have  been  allowed  to  harden  in  air 
show  an  initial  tension  in  the  concrete  and 
compression  in  the  steel,  the  reverse  is  the 
case  if  the  beams  harden  under  moist 
sand,  the  steel  being  then  brought  into 
tension  and  the  concrete  into  compression. 
Much  space  is  given  to  the  question  of  the 
resistance  of  the  reinforcement  to  slipping, 
the  influence  of  the  quality  of  the  concrete 
on  resistance  being  very  strongly  marked, 
whilst  the  figures  quoted  point  to  a  great 
advantage  in  using  steel  which  has  not 
been  deprived  of  its  natural  black  surface, 
and  of  bending  up  the  ends  of  the  main 
longitudinal  reinforcing  rods.  This  is  one 
of  the  sections  where  a  final  review  of  the 
data  collected  would  have  added  greatlv 
to  the  value  of  the  chapter.  In  the  author's 
opinion,  the  Prussian  regulations  lead  to 
an  over-estimate  of  the  tensile  stresses  in 
the  steel,  whilst  he  is  in  agreement  with 
other  writers  in  stating  that  the  elastic 
limit  of  the  steel  determines  the  resistance 
of  a  beam,  provided  that  slipping  does  not 
take  place. 

The  theory  of  reinforced  beams  is 
separately  treated  by  Dr.  P.  Volker  and 
Hr.  E.  Richter,  who  give  a  clear  and 
readily  comprehensible  account  of  the 
theoretical  basis  of  the  computation  of 
beams,   especially   as  regards   the  validity 


of  the  assumptions  which  are  necessarily 
made.  It  is  considered  that  a  satisfactory 
formula  for  taking  account  of  the  tensile 
stresses  in  the  concrete  in  a  reinforced 
beam  has  not  yet  been  obtained,  owing  to 
the  different  moduli  of  elasticity  of  con- 
crete for  compression  and  tension.  The 
use  of  the  value  15  for  the  ratio  of  the 
elastic  moduli  of  the  two  materials  is 
justified,  although  that  ratio  is  actually 
variable  and  depends  on  the  nature  of  the 
concrete  mixture  employed,  and  on  the 
degree  of  loading.  The  section  dealing 
with  the  effect  of  variations  of  temperature 
on  the  stress  in  a  beam  omits  to  take 
account  of  the  low  conductivity  of  concrete 
for  heat  as  compared  with  steel,  and  a 
consideration  of  this  factor  would  some- 
what reduce  the  amount  of  the  secondary 
stresses  due  to  temperature.  The  notations 
used  in  the  formulae,  it  should  be  noted, 
are  not  in  accordance  with  those  approved 
bv  the  International  Association  for  Test- 
ing Materials.  A  general  agreement  on 
this  important  point  is  very  desirable. 
Heavy  type  is  used  for  the  more  impor- 
tant formulae,  and  both  analytical  and 
graphical  methods  are  employed  and 
explained,  a  large  folding  plate  being 
added  for  use  in  graphical  computations, 
besides  smaller  diagrams.  .Ml  this  section 
appears  to  be  excellent.  An  elaborate  and 
useful  index,  prepared  on  a  systematic 
plan  by  Prof.  E.  Brugsch,  of  Hanover, 
concludes  the  volume. 

It  is  not  possible  to  make  a  comparison 
of  such  a  work  as  this  with  any  existing 
text-book,  since  it  stands  alone  in  its 
scale  and  comprehensiveness,  and  it  is 
likelv  to  remain  for  long  the  standard 
work  of  reference  on  the  subject.  It 
affords  striking  evidence  of  the  thought, 
labour,  and  skill  that  have  been  devoted 
to  the  investigation  of  reinforced  concrete 
on  the  Continent.  Some  useful  British 
work  has  undoubtedly  been  overlooked, 
but  when  every  allowance  is  made  the 
fact  remains  that  this  country,  in  which 
constructional  work  in  steel  has  reached 
so  high  a  state  of  development,  has  not  by 
any  means  contributed  its  due  share  to 
the  advancement  of  a  method  of  construc- 
tion the  advantages  of  which  are  now 
generaWv  admitted.  It  is  still  possible  that 
this  defect  may  be  remedied,  and  a  perusal 
of  this  volume  by  those  responsible  for 
the  training  of  engineers  in  this  country 
should  do  much  to  bring  about  a  realisa- 
tion of  the  importance  of  a  scientific  study 
of  the  [irinciples  involved. 
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"  Preliminary  Studies  in  Bridge  Design."    By 
Reginald  Ry\es.  A.M.I.CE.  (U.S.A.).  etc. 

London  :    The  St.   Bride's  Press.  Ltd.,  24  Bride  Lane, 
Fleet  Street.  E.G.     57  pp.  +  viii.     _'/-  net. 

Conteuts. — The    Five    Primary    TyiKS    of 
Bridges — The  Problem  its  a  \Vht)le — 
Three  Types  of  Streams — The  Choice 
of     a     Site — The     Fixed     Site — The 
Stream  with  a  Defined  Flood  Channel 
— The  Bridge  as  a  Check  on  Floods — 
The    Number    and    Size    of    Arches — 
Wandering    Streams — The   Bridge  at 
a  Bend — The  Pooling  Method — Fords 
— The     Road     Dam — The      Inverted 
Syphon— The   "Overall"   Span — Im- 
pact,   Maximum    Loads,    Loading    as 
Regards     the     Centre     Line  —  Some 
General  Comparisons,  The  Arch,  Steel 
and   Timber   Bridges,    Ferro-Concrete 
Bridges. 
This    is    a    small    volume    containing    a 
reprint     of    a     series    of     articles     which 
appeared  in  The  Surveyor  and  Municipal 
and   County   Engineer  early  in    1912,   and 
it  is  an  excellent  little  book  written  in  an 
interesting  manner.     The  author  has  dealt 
with    the     preliminary     study     of     bridge 
design   in  a  very   thorough   manner,    and 
suggests  to  the  reader  the  correct  method 
of  commencing  the  work  by  pointing  out 
the  many  items  that  have  to  be  considered 
before  even  the  type  of  bridge  is  decided 
upon.       The     student     should     find     the 
volume  of  value,   and  it  will   give  him  a 
good    groundwork    upon    which    he    may 
build  up  a  more  advanced  knowledge   of 
the  subject.     It  is  a  great  thing  to  start 
with  a    thorough    knowledge   of   the   ele- 
mentary principles,  and  we  can  then  profit 
most  surely  by  our  subsequent  experience. 
The  author  in  dealing  with  ferro-concrete 
bridges   says  :   "  On   the  most  pessimistic 
view  —  or      almost      that  —  ferro-concrete 
bridges  may  be  expected  to  outlast  steel 
bridges  of  the  same  or  greater  cost.     On 
a  more  hopeful  view  they  ma}^  last  so  long 
that  they  may  prove   satisfactory   substi- 
tutes   for    solid    masonry    bridges."      We 
must  saj'  that  we  hold  the  hopeful   view 
and    have    no    hesitation    in    saying    that 
ferro   concrete   is   certainlv   a   satisfactorv 
substitute  for  masonry  and  will  last  even 
U)nger.     Again,  there  are  possibilities  with 
reinforced    concrete    that    could    never    be 
attained   with    masonry   alone,    and   there 
is  no  doubt  that  for  bridges  of  practicallv 
all  kinds,  the  former  material  is  superior 
to  all  others.     Bridge  design  offers  excel- 
lent    opportunities     for    producing     work 
which   is   not   only   constructionallv   good, 
but    also    architecturally     beautiful,     and 
examples    of    some    of    the    schemes    that 
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have  been  carried  out  in  reinforced  con- 
crete— particularlv  where  the  open  span- 
dril  type  has  been  adopted — can  be  seen 
which  are  without  ])arallel  in  any  other 
material. 
"  Reinforced  ConcreteConstruction."  Vol.  I. 

Fundamental   Principles.     By  George  A. 

Hool,  S.li. 
New   York:    McGraw  Hill   Book   Company,   239   Wes 

39th  Street,     254pp.  +  x. 

Contents. — Concrete  —  Steel  —  Concrete 
and  Steel  in  Combination — Rect- 
angular Beams — Slabs,  Cross-beams 
and  Girders — Columns — Slab,  Beam, 
and  Column  Tables — Slab,  Beam,  and 
Column  Diagrams  —  Bending  and 
Direct  Stress — Tables. 
This  volume  deals  very  fully  with  the 
fundamental  principles  of  reinforced  con- 
crete and  is  written  and  illustrated  in  such 
a  manner  that  it  should  be  understandable 
bv  those  possessing  a  fair  knowledge  of 
mechanics.  We  regret,  however,  to  find 
that  no  table  of  notation  is  given  at  the 
end  of  the  volume,  and  this  must  be  con- 
sidered a  disadvantage  in  view  of  the  fact 
that  it  is  intended  to  appeal  to  students  ; 
and  as  the  notation  used  does  not  tally 
with  that  generallv  adopted  in  this 
country,  it  will  be  confusing  to  the  reader 
who  might  be  studying  this  A-olume  in 
conjunction  with  other  books  on  the  sub- 
ject, and  who  will  be  at  a  loss  to  find  the 
value  of  an  unfamiliar  symbol  without 
looking  through  a  great  number  of  pages 
in  the  hope  of  finding  the  notation  contain- 
ing the  particular  symbol  in  question 
American  authors  would  be  well  advised 
if  they  considered  the  difficulty  of  the 
English  student  in  following  a  formula 
which  contains  practically,  to  him,  un- 
known symbols,  and  endeavours  should  be 
made  to  simplify  this  trouble  as  much  .is 
possible.  In  an  elementary  book  of  this 
kind  we  should  also  like  to  see  the  deriva- 
tion of  the  formulae  put  forward  in  a  more 
simple  manner  in  order  that  the  construc- 
tion of  the  formula  it.self  may  be  properlv 
understood.  Tiiere  are  many  'good  points 
in  the  volume,  and  we  consider  the  dia- 
grams are  excellent  and  might  with  ad- 
\antage  be  studied  bv  some  of  the  authors 
in  this  country.  The  notes  on  shearing 
stress  and  diagonal  tension  are  good,  and 
this  is  a  portion  of  the  subject  which  is 
far  too  often  treated  in  an  indifferent 
manner,  and  the  notes  on  the  calculations 
for  deflection  .are  interesting.  It  is  a  verv 
complete  work,  dealing  as  it  does  with  all 
the  aspects  of  slab,  beam,  and  column 
design,  and,  in  spite  of  our  criticisms,  has 
much  to  commend  it  to  those  interested 
in   the  subject  in  this  country. 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,  ivith  occasional  editorial 
comment.     Authentic  neivs  luill  be  'welcome. — ED. 


British  Standard  Specification  for  Structural  Steel  for  Bridges,  etc.,  and 
General  Building  Construction. —  A  new  edition  of  the  "  British  Standard  Specifica- 
tion for  Structural  Steel  for  Bridges  and  General  Building  Construction  "  (Report  No. 
15.  Revised  August,  1912)  has  recentl}'  been  issued.  The  new  issue  is  of  importance 
in  view  of  the  fact  that  the  London  County  Council  (General  Powers)  Act,  1909, 
requires  that  all  rolled  steel  used  in  the  construction  of  skeleton  frame-work  for  build- 
ings shall  comply  with  the  requirements  of  this  specification. 

Since  its  first  issue,  in  June,  igo6,  the  Committee  from  time  to  time  had  brought 
Ix^fore  them  points  which  had  arisen  in  connection  with  its  use,  and  the  present  issue 
embodies  the  necessary  amendments  in  regard  to  these.  Some  of  the  more  important 
modifications  to  the  Specification  are  as  follows  : — 

1.  The  Classification  of  the  material  dealt  with  into  two  categories,  A.  Steel  and  B.  Steel. 

2.  The  increase  of  the  allowable  Phosphorus  Content  in  V>.  Steel  from  '07  to  '08  per  cent. 

3.  The  increase  of  the  upper  limit  of  tensile  strength  for  plates,  sections  and  bars  (other 

than  rivet  bars),  from  22  to  33  tons  per  sq.  in. 

4.  The  reduction  of  the  lower   limit  of  tensile  strength   for  rivet  bars   from  26  to  25   tons 

per  sq.  in. 

5.  The  insertion  of  Clauses  dealing  with  (a)  Tests  by  an  independent  expert;   (b)  rejection 

after  delivery,  and  (c)  arbitration  in  cases  where  this  is  not  otherwise  provided  for. 

Following  the  procedure  adopted  in  the  revision  of  the  British  Standard  Specifica- 
tion for  Portland  Cement,  the  text  of  the  Specification  has  been  settled  in  consultation 
with  the  Committee  by  Mr.  A.  A.  Hudson,  K.C.  (standing  counsel  to  the  Committee), 
with  a  view  of  ensuring  that,  so  far  as  practicable,  it  has  the  meaning  intended  by 
them,  and  the  Specification  has  been  .remodelled  in  accordance  with  his  advice. 

The  price  of  the  Specification  is  5s.  2d.,  post  free,  and  it  may  be  obtained  from 
anv  bookseller  or  direct  from  the  offices  of  the  Committee,  28,  Victoria  Street,  West- 
minster, S.\\'.,  and  is  published  for  the  Committee  by  Messrs.  Crosby,  Lockwood  and 
Son,  7,  Stationers'  Hall  Court,  Ludgate  Hill,  E.C.,  and  ^,  Broadway,  Westminster, 
S.W. 

The  Concrete  Institute's  Visit  to  Works  in  Course  of  Construction. ~'Ry 
the  courtesy  of  ■Mr.  A.  Sykes,  F.R.I.B.A.,  some  of  the  members  of  the  Concrete 
Institute  recently  paid  a  visit  to  the  warehouse  now  in  course  of  construction  for  Mr. 
J.  Sainsbury,  situate  at  the  corner  of  Bennett  and  Stamford  Streets,  close  to  Blackfriars 
Bridge,  S.E. 

This  warehouse,  which  measures  approximately  ib5  ft.  long  by  54  ft.  wide,  com- 
prises six  floors  and  roof.  With  *the  exception  of  the  elevations  to  Bennett  Street  and 
Stamford  Street  the  whole  skeleton  is  constructed  in  reinforced  concrete,  lintels  being 
provided  in  the  outside  walls  to  carry  the  brickwork,  which  has  a  thickness  of  2  ft.  3  in. 
at  the  bottom.  The  interior  columns  had  to  be  kept  down  to  as  small  a  size  as  possible, 
and  to  carry  the  si.x  floors  heavily  loaded  a  large  percentage  of  steel  was  necessary,  one 
of  the  lower  columns  requiring  nearly  40  sq.  in.  In  the  ground  floor  three  loading 
docks,  24  ft.  by  20  ft.  and  4  ft.  5  in.  below  ground  floor  level,  have  been  provided,  each 
designed  to  carry  a  ten-ton  axle  load. 

Each  floor  consists  of  a  4^-in.  slab  carried  on  secondary  beams  5  ft.  to  6  ft.  apart. 
Ihis  4^-in.  floor  is  composed  of  3^  in.  of  6  to  i  concrete  and  i  in.  of  granite  finish  laid 
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slMiultaneouslv  with  the  concrete.  The  secondary  beams  are  14  in.  deep  below  slab 
and  7  in.  wide,  and  have  spans  varvini^  from  11  ft.  to  15  ft.  5  in.  The  secondaries  are 
carried  on  main  beams  18  in.  below  slab,  and  10  in.  and  S  in.  in  width;  the  span  of 
the  main  beams  varies  from  12  ft.  to  22  ft.  6  in. 

.\nothcr  interesting  feature  in  this  work  is  the  retaininj^  wall  and  vaults  below  the 
road  in  Bennett  Street  and  Stamford  Street.'  To  carry  the  heavy  road  traffic  in  Bennett 
Street  a  superload  of  10  cwt.  per  sq.  ft.  was  allowed  (in  the  roof  of  the  vaults,  and  a 
corresponding  lateral  pressure  on  the  retaining  wall,  and  the  lateral  thrust  on  the  build- 
ing had  to  be  carefullv  provided  for. 

The  foundations  are  composed  iiartly  of  in(ici)cnd<'nl  footmgs  to  columns  and 
partly  of  strip  footings  of  various  lengths  and  widths.  Some  trouble  was  e.xperienced 
with"  the  ground,  and  the  foundations  had  to  be  carried  lower  dow^n  than  at  first 
intended,  and  in  one  case  piles  had  to  be  driven  to  a  depth  of  12  ft.  below  foundation 

level. 

The  reinforcement  througlinul  is  Indented  steel  iKirs. 
Protective  and  Decorative   Treatment   of  Concrete  and  Cement  Surfaces.— 

Concrete  and  cement  surfaces  should  be  divided  under  two  heads — viz.,  weathering  and 
wearing.  The  former  includes  such  surfaces  as  walls,  etc.,  and  the  latter  floors.  Con- 
crete, in  theory,  is  watertight,  and  of  uniform  texture,  but  in  practice,  although  all 
precautions  may  be  observed,  these  results  are  not  always  obtained.  In  the  construc- 
tion of  monolithic  buildings,  and  even  with  cement  rendering,  it  is  not  possible  to  mix 
more  than  a  small  proportion  of  the  concrete  at  one  time.  It  is  therefore  quite  possible 
that  one  batch  may  vary  to  a  certain  extent  from  another,  both  in  proportions  of  aggre- 
c^ate  and  cement  and  in  quantity  of  mixing  water.  These  circumstances,  taken  into 
consideration  with  the  placing  and  tamping,  which  is  done  by  hand,  often  result  in  a 
somewhat  uneven  surface.  Excessive  tamping  will  force  the  finer  particles  of  cement 
towards  the  surface  of  the  form,  thus  resulting  in  a  laitence  face.  Insufficient  tamp- 
ing, however,  will  often  produce  a  very  rough  surface,  in  all  probability  showing  the 
aggregate  to  a  large  extent.  Further,  laitence  face  is  very  liable  to  scale,  owing  to 
the  difference  in  the  expansion  of  this  crust  and  the  inner  portions  of  the  concrete. 
Surfaces  such  as  this  are  admittedly  most  unsightly. 

Porosity  is  also  caused  dv  the  same  circumstances,  and  is  undoubtedly  a  very- 
serious  feature  of  concrete  construction.  These  superficial  voids  of  the  surface  are 
acted  upon  bv  atmospheric  gases,  moisture,  etc.,  and  tend  to  become  filled  with  a 
crystallisation  of  the  free  salts  in  the  concrete.  This  results  in  swelling,  thus  causing 
disintegration  of  the  surface. 

In  order,  therefore,  to  overcome  the  disadvantages  of  a  plain  monolithic  concrete 
surface  it  seems  necessary  that  a  treatment  should  be  given  which  is  both  protective 
and  which  will  improve  the  appearance — that  is,  waterproof  and  decorate. 

When  mention  is  made  of  treating  a  new  concrete  or  cement  surface  the  question 
immediately  arises  as  to  the  difficulty  which  has  always  been  experienced  in  applying 
anything  in  the  form  of  a  paint  to  such  surfaces.  As  is  well  known,  protective  coatings 
made  with  linseed  oil  as  a  medium  cannot  be  applied  within  a  period  of  at  least  eighteen 
months  without  the  danger  of  saponification.  It  is  quite  evident,  therefore,  that  this 
purpose  must  be  met  from  a  neutral  substance  which  is  totally  unaffected  by  acids  or 
alkalis.  It  must  be  at  the  same  time  elastic,  to  withstand  weather  conditions,  and  also- 
with  a  natural  stone-like  finish. 

Under  the  heading  of  a  wearing  surface  the  most  important  Is  undoubtedly  that 
of  concrete  floors.  They  have  to  withstand  a  great  deal  of  friction,  and  are  peculiarly 
liable  to  dusting  and  sanding  up.  This  may  be  due  to  the  floor  having  been  laid  under 
extreme  temperature  conditions,  and  to  various  other  conditions,  amongst  which  may 
be  mentioned  the  use  of  dryers,  anti-freezing  compounds,  use  of  artificial  heat  for  drying 
purposes.  It  may  also  be  caused  by  too  much  trowelling;  this  causes  the  water  to- 
come  to  the  surface,  bringing  with  it  the  fine  particles  of  cement,  and  producing  a 
glassy  looking  surface,  which  will  sooner  or  later  scale  off.  Concrete  floors,  moreover,, 
are  not  oil  and  greaseproof.  Oil,  grease,  or  acid,  etc.,  will  sometimes  affect  the  cement.. 
Therefore  in  factories,  warehouses,  etc.,  where  delicate  machinery  is  used  or  foodstuffs, 
leather,  etc.,  stored,  such  conditions  should  be  guarded  against.  It  therefore  appears 
that  a  protective  coating  is  required  that  will  actually  penetrate  the  surface,  and  rein- 
force the  grain  bond  of  the  concrete — namely,  cement — at  the  same  time  producing  a. 
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grease,  uil,  and  acid-proof  surface.  Such  a  material  would  undoubtedly  be  of  very' 
great  utility,  and  would  sujjply  .a  long-felt  want  of  the  architect,  engineer,  and  factory 
owner  alike. 

A  New  Design  of  Street  Mixer.  — I'he  Ransonie  Concrete  .Machinery  Co., 
Dunellen,  N.J.,  have  just  put  on  the  market  two  new  types  of  street  mixers,  the 
No.  60  and  No.  61.  There  are  many  points  about  these  which  are  different  from  any- 
thing which  has  been  olTered  to  date  by  mixer  manufacturers,  and  the  design  has  been 
made  by  the  Ransome  Company  after  a  long  study  of  the  street  paving  contractor's 
pioblems.  The  No.  60  machine  is  a  steam-driven  outfit  regularly  furnished  with  lo-ft. 
distributing  chute  capable  of  handling  14  cubic  ft.  of  loose  material,  and  will  mix  40 
to  60  batches  per  hour,  depending  upon  the  speed  with  which  the  material  can  be  fed  to 
the  pivot  hopper.  The  engine  is  8  h.p.  and  the  boiler  9  h.p.  The  machine  is  arranged 
to  drive  in  both  directions  aloni/  the  work. 


A  Nkw  DtsiGN  ui-   Str;;et   MixtK. 


The  various  levers  controlling  the  operations  of  hoisting,  discharging,  and  traction 
are  all  brought  to  one  point,  and  the  entire  operation  can  be  controlled  by  the  engineer. 
The  chute  will  swing  through  an  arc  of  approximately  180°,  while  the  discharge  point 
is  3  ft.  7  in.  above  street  level.  The  outfit  is  mounted  on  24-  and  28-in.  wheels  with 
10-in.  tyres.  The  net  weight  of  the  machine  complete  with  power  is  appro.ximately 
1 1,000  lb. 

The  No.  61  Ransome  street  mixer  will  handle  up  to  20  cubic  ft.  of  loose  material, 
and  will  mix  from  40  to  60  batches  peT  hour.  It  is  regularly  eciuipped  with  a  two- 
cylinder  opposed  gasolene  engine  and  two  20-ft.  distributing  chutes.  It  is  arranged  with 
a  clutch,  by  which  the  drum  can  be  thrown  out  and  remain  idle  while  the  machine  is 
tritvelling  along  the  road,  and  it  is  also  equipped  with  a  traction  device  adapted  for 
moving  in  either  direction.  .\  notable  feature  of  this  outfit  is  the  fact  that  the  over-all 
height  has  been  kept  within  11  ft.  2  in.  This  has  been  done  by  eliminating  the  charging 
hopper  and  emptying  direct  from  skip  into  mixer. 

The  driving  wheels  are  -14  i^n.  in  diameter  and  the  front  wheels  40  in.,  the  tyres 
being  10  in.  and  8  in.  respectively.  By  using  these  large  wheels  an  i8-in.  clearance 
above  the  ground  has  been  made  possible,  thus  avoiding  any  jacking  up  of  the  machine 
to  clear  manholes  which  are  liable  to  project  12  in.  or  more  above  the  sub-grade  of  an 
unfinished  street.  When  desired  flanges  may  be  bolted  to  the  tyres,  thus  making  the 
outfit  suitable  for  operation  under  the  machine's  own  power  on  trolley  tracks,  etc.  If 
the  outfit  is  to  be  drawn  behind  a  trolley  car  at  high  spe-ed  standard  Hanged  wheels  may 
be  readily  substituted  for  the  ones  regularly  furnished,  as  the  wheels  are  easily  taken 
ofT,  inasmuch  as  the  driving  axle  is  mounted  in  split  boxes  and  the  front  axle  can  be 
swung  around  and  the  wheels  slipped  off. 
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All  of  the  operating  levers  have  been  brought  adjacent  to  the  operating  platform 
at  one  side  of  the  machine.  The  steering  wheel  is  in  front.  The  line  shaft  is  driven  by 
chain,  and  the  power  is  transmitted  through  clutches  to  the  windlass  for  operating  the 
hoist,  the  drum,  and  the  traction  wheels.  Of  course,  when  desired  an  electric  motor 
can  be  substituted  for  the  gasoline  engine,  and  when  operated  in  railway  service  the 
motor  could  be  run  from  overhead  trolley  wire.  The  general  dimensions  are  as 
follows  : 

Weight    iSiO"o  lb. 

U.F.     i6 

Height  over  all,   skip   raised   14  ft. 

Height  over  all,  exclusive  of  skip  1 1  ft.   2  in. 

Extreme    width    S  fi.   fii  in. 

Length,  exclusive  of  skip  and  chute  17  ft.    i  in. 

Length   with   skip  lowered    20  ft.    10  in. 

Concrete  Sea  Defence  Work  at  Hastings. — It  is  pleasing  to  note  that  the  quantity 
'jf  beach  un  the  fureshore  at  Hastings  is  increasing  at  several  points  where  more  is  most 
required.  There  is  one  spot,  however,  where,  although  there  is  now  more  beach  than 
there  was  a  short  time  ago,  still  more  of  this  natural  protection  against  the  force  of  the 
waves  is  required.  It  is  at  Caroline  Place.  This  spot  is  one  of  the  sights  of  the 
borough  when  the  sea  is  rough,  being  a  favourite  resort  at  such  times  for  those  who 
care  to  face  the  elements.  The  Town  Council  are  now  wisely  taking  steps  to  secure 
adequate  protection  for  this  exposed  portion  of  the  Front,  and  it  is  proposed  to  place  a 
new  concrete  groyne  between  two  of  these  works  already  in  existence  at  a  cost  of  ^450. 
If  the  work  is  carried  out  it  should  greatly  strengthen  the  sea  defence  works  at  a  poini 
where  the  sea  comes  in  with  great  force. 

Reinforced  Concrete  Bathing  Place  at  Devoaporl. —  The  Devonport  Sanitary  Com- 
mittee have  accepted  the  tender  of  .Mr.  Lester,  of  Plymouth,  at  ;6879  for  building  a 
retaining  wall  of  reinforced  concrete  for  the  open-air  bath  at  Mount  Wise,  and  for 
covering  the  floor  of  the  bath  with  concrete.  In  connection  with  the  scheme  it  is 
proposed  to  erect  twenty-four  dressing  boxes  at  an  estimated  cost  of  ^320. 

Experiments  have  been  made,  says  The  Engineer,  to  ascertain  directly  the  lateral 
pressure  of  liquid  concrete.  A  large  number  of  experiments  were  made  on  different 
types  of  concrete  structure.  In  heavy  walls,  large  piers  and  other  members  of  fair  size 
the  lateral  pressure  exerted  was  found  to  be  fairly  uniform,  and  practicallv  constant  for 
equal  heads  ;  but  in  reinforced  concrete  columns  of  small  dimensions,  thin  walls  and 
other  light  concrete  work,  the  effect  of  friction  between  the  more  or  less  rough  timber 
forms  and  the  concrete,  together  with  the  arching  action,  was  found  to  reduce  the 
piessure  considerably.  The  results  lead  to  the  conclusion  that  for  average  conditions 
the  lateral  pressure  of  concrete  is  equivalent  to  that  of  a  fluid  weighino;  85  lb.  per  cubic 
ft.  For  concrete  in  which  little  water  is  used  in  mixing  the  pressures  are  rather  less, 
having  an  equivalent  fluid  value  as  low  as  70  lb.  per  cubic  ft.  in  very  dry  mixtures. 

Reinforced  Concrete  Bridge  at  Wergin's  Bridge,  Herefordstiire. — The  Hereford- 
shire County  Council  has  accepted  the  tender  of  the  Trussed  Concrete  Steel  Co.,  Ltd., 
of  ;£ri,55o,  plus  ;£'i5o  for  the  approaches,  for  building  a  reinforced  concrete  bridge  at 
Wergin's  Bridge,  this  Company  giving  a  two  years'  guarantee  as  to  the  design  and 
efficiency  of  their  construction. 

Building  Construction  in  CA//ia.— .\ccording  to  the  current  issue  of  the  Board  of 
Trade  Journal  the  United  States  Consul-General  at  Hong  Kong,  in  a  recent  report  to 
his  Government,  states  that  methods  of  building  construction  in  Hong  Kong  and  South 
China  ports  have  undergone  a  great  change  during  the  last  year  or  two.  Formerly 
most  buildings  were  made  of  brifk  or  stone,  and  the  use  of  steel  in  construction  was 
exceptional,  but  verv  few  big  buildings  have  been  constructed  recently  in  which  struc- 
tural steel  was  not  used,  and  the  use  of  reinforced  concrete  is  becoming  more  and  more 
general.  European  metal  is  preferred  for  concrete  reinforcement  of  heavier  types,  but 
American  materials  are  chiefly  used  fcvr  the  reinforcement  of  floor,  ceilings,  and  non- 
bearing  walls,  also  for  bridges,  galleries,  verandahs,  etc.  Plans  for  construction  work 
cf  all  kinds  in  both  Government  and  private  enterprises  under  the  new  regime  at 
Canton  and  in  other  ports  call  for  an  increased  use  of  these  materials.  There  are  no 
reliable  data  as  to  the  present  volume  of  this  demand,  but  it  is  considerable,  and  will, 
according  to  the  report,  undoubtedly  increase  greatly  in  the  near  future. 
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TRADE    NOTICES,    ETC, 

The  "Ross  "  Concrete  Spade. —  A  short  time  ago  we  had  the  pleasure  of  bringing 
before  the  notice  of  our  r<ad(r.s  the  "  Ross  "  Concrete  Spade,  with  offset,  which  was 
introduced  into  this  country  by  the  (U.K.)  Winget  Concrete.  Machine  Co.,  Ltd.,  of 
Newcastle-on-Tyne. 

A  new  design  of  spade  has  now  been  brought  into  the  market  by  the  same  com- 
pany.    The  new  pattern   spade  is  made  without  offset,   is  speciallv  designed  for  pro- 


The  "Ross"  Concrete  Spade. 


-O     j 


ducing  a  perfect  face  up  to  the  shuttering  in  reinforced  concrete  walls  and  vertical  work 
generally,  and  has  proved  to  be  a  great  money  and  labour  saver. 

It  can  be  supplied  either  with  long  or  short  handle  at  the  same  price  at  purchaser's 
option.     An  illustration  of  spade  with  short  handle  is  shown  above. 

CHANGES   OF  ADDRESS. 

Messrs.  Stuart's  Granolithic  Co.,  formerly  of  4,  Fenchurch  Street,  E.C.,  have 
removed  to  larger  and  more  convenient  premises  at  45,  Bedford  Row,  London,  W.C. 

Messrs.  W.  &  G.  Foyle. — Owing  to  the  increase  in  the  extent  of  their  business, 
this  well-known  firm  of  second-hand  booksellers  have  found  it  necessary  to  take  larger 
premises  at  121-123,  Charing  Cross  Road,  W.C.  Any  of  our  readers  desirous  of 
studying  the  literature  of  reinforced  concrete  and  engineering  subjects  generalh',  will 
find  a  large  stock  of  up-to-date  volumes  at  these  premises. 


"  BIC  " 


"BIC" 


BRITISH 
IMPROVED  CONSTRUCTION  CO.,  LD. 

Telephone  :  4067  Victoria.  Telegrams  :      Biconcrete,  London. 

47  VICTORIA  STREET,  WESTMINSTER. 


Three  feet  long 


Flat-based  Concrete  Pipes 

to 


Nine  feet  long. 


Breeze  Partitions 
Reinforced  Sleepers 
Telegraph  Poles 


Porous  Pipes 
Concrete  Beams 
Hollow  Floors 


SPECIALITY:— INVENTORS'  DESIGNS  CARRIED  OUT  TO  ORDER. 
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Volume  VII.     No.  11.  London,  November,  1912. 

EDITORIAL  NOTES, 


THE   INTERNATIONAL   CONGRESS   ON  THE  TESTING   OF   MATERIALS. 

Ix  further  reference  to  the  International  Congress  held  in  New  York  in 
October,  we  have  now  received  a  copy  of  the  resolutions  adopted  at  this  great 
gathering,  and  below  we  present  such -of  these  resolutions  as  have  bearing  on 
the  subjects  in  which  this  journal  is  interested.  It  will  be  obser\'ed  that  three 
of  the  resolutions  refer  to  Portland  Cement,  one  to  the  \\'eathering  of  Building 
Stones,  one  to  Plastic  Mortars,  and  two  to  Reinforced  Concrete ;  further, 
there  is  one  regarding  Fire-Resisting  Construction,  and,  finally,  there  are  two 
as  to  some  International  Technical  Expressions. 

Regarding  the  resolutions  appertaining  to  Portland  Cement,  it  will  be 
observed  that  they  are  somewhat  of  an  academical  character  and  invite  further 
investigation.  The  same  may  be  said  regarding  the  one  dealing  with  the 
Weathering  of  Stones  and  Plastic  Mortars. 

The  resolution  relating  to  Reinforced  Concrete  and  Building  Accidents, 
however,  is  creative  and  beneficial,  and  we  trust  that  the  Concrete  Institute  will 
do  its  share  in  co-operatiitg  \\  ith  the  other  nations  on  the  lines  indicated.  It  is 
certainly  advisable,  as  the  resolution  says,  "  that  a  uniform  system  of  reporting 
on  building  accidents  should  be  adopted  in  the  different  countries,''  in  the 
same  way  as  there  is  considerable  uniformity  in  reporting  on  boiler  accidents, 
and  there  is  also  no  doubt  that  if  authentic  records  of  accidents  were  duly 
prepared  and  published,  they  would  act  as  a  useful  preventive  against  future 
accidents. 

We  welcome  the  tenor  of  the  resolution  relating  to  Fire-Resisting  Building 
Construction,  for  it  would  certainly  be  useful  if  the  International  Association 
for  Testing  Materials  were  to  accord  the  subject  of  fire-resistance  of  concrete 
and  reinforced  concrete  as  used  for  building  far  greater  attention  than  hereto- 
fore. It  is,  of  course,  pleasant  to  observe  that  the  British  Standard  Tests 
of  the  British  Fire  Prevention  Committee  are  to  serve  as  a  basis  for  the  testing 
conditions,  and  that  a  special  sub-committee  has  been  appointed  by  the 
Association  for  Testing  Materials  to  make  further  investigations  into  the 
problems  that  call  for  inquiry.*  The  resolutions  say  that  "  the  data  required 
should  refer  specially  to  the  loss  of  strength  during  fire  ;  the  loss  of  strength 
after  a  fire  (both  upon  rapid  cooling  and  natural  cooling)  ";  further,  "  that  the 
value  of  different  aggregates  and  the  proportion  of  Portland  cement  to  the 
aggregates  "  should  be  observed  from  the  fire  point  of  view,  as  also  "  the  value 
of  the  different  forms  of  reinforcement." 

Quite  apart  from  any  question  of  aggregate,  it  is  obvious  that  the  difterent 
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forms  of  reinforcement  vary  materially  in  their  fire  resistance,  and  the  some- 
what unwise  arg-uments  put  forward  in  certain  quarters  that  the  mere  fact  that 
floor  A  or  floor  B  has  withstood  the  standard  test  is  sufficient  proof  that 
floor  C  or  D  will  do  likewise  are,  of  course,  entirely  fallacious.  Although  one 
system  of  desiyn  ma\'  be  more  or  less  identical  with  another  system 
and  possess  an  almost  equivalent  amount  of  fire  resistance,  material  differences 
in  design  of  the  same  floor  or  the  same  beam  mean  a  very  great  diff"erence  in 
fire  resistance,  and  frequently  the  difference  is  so  great  as  not  merely  to  mean 
a  difterencc  in  the  extent  of  resistance,  but  just  the  difference  between  success 
and  absolute  failure. 

In  closing  our  remarks  as  to  the  excellent  work  done  by  the  International 
Association  for  Testing  Materials,  we  wish  to  take  the  opportunity  of  con- 
gratulating Professor  N.  Belelubsky,  of  St.  Petersburg,  upon  his  election  as 
President  of  the  Association  in  the  place  of  Professor  M.  H.  Howe  (Past 
President),  and  we  also  note  with  great  interest  that  the  next  Congress  is  to 
take  place  in  St.  Petersburg  in  1915. 

THE  CONORBSS  RESOLUTIONS 

CONSTANCY  OF  VOLUME  OF  PORTLAND  CEMENT. 

That  the  task  of  further  examining  all  methods  of  accelerated  tests  for  the 
constancy  of  volume  of  Portland  cement  be  referred  to  a  Committee  and  that  it 
shall  be  an  instruction  to  this  Committee  to  invite  experiments  by  v^arious  testing 
laboratories,  and  also  to  have  some  experiments  made  by  an  otTicial  testing 
authority  in  each  country  concerned. 

FINE  PARTICLES  IN  PORTLAND  CEMENT. 

That  Committee  No.  30  for  determining  a  method  for  ascertaining  the 
fine  flour  in  cement  be  requested  to  endeavour  to  ascertain  the  approximate 
size  in  which  the  individual  particles  of  cement  have  to  be  reduced  in  order  that 
the  particles  may  hydrate  completeh'  at  short  periods. 

SO3  IN  PORTLAND  CEMENT. 

That  the  Council  be  requested  to  appoint  a  Committee  to  report  at  the  next 
Congress  regarding  the  eff'ect  of  SO^  in  Portland  cement. 

WEATHERING  V.ALVE  OF  BUILDING  STONES. 

The  Congress  decides  that  the  different  countries  be  invited  to  have  the  method 
of  Hirschwald  examined  in  testing  laboratories  and  that  the  results  be  reported  to 
the  next  Congress. 

REINFORCED  CONCRETE. 

That  Committee  41  be  instructed  to  report  at  the  next  Congress  on  Methods 
of  Determining  the  Quality  of  Concrete  and  of  Reinforced  Concrete.- 

PLASTIC  MORTARS. 

That  Committee  42  be  invited  to  continue  its  work  in  order  to  obtain  a  uniform 
method  of  testing  plastic  mortars  and  to  apply  this  method  to  the  study  of  the 
comparison  of  various  standard  sands. 

REINFORCED  CONCRETE  BUILDING  ACCIDENTS. 

That  with  a  view  to  the  prevention  of  accidents  and  facilitating  the  acquisition 
of  the  requisite  knowledge  of  the  properties  of  materials,  it  is  advisable  that  a 
uniform  svstem  of  reporting  on  building  accidents  should  be  adopted  in  the 
different  countries,  in  the  same  manner  as  is  already  done  in  the  case  of  accidents 
to  steam  boilers.  The  Congress  expressed  a  desire  that  Committee  41  shall 
endeavour  to  organise  such  an  international  system  of  reporting  and  to  present 
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to  the  next  Congress  a  report  on  building  accidents,  collected  country  by  country, 
together  with  the  deductions  made  therefrom  as  regards  the  prevention  of 
accidents. 

FIRE-RESISTING  BUILDIXG  CONSTRUCTION. 

I.  That  it  is  advisable  in  the  future  investigations  of  the  strength  of  concrete 
and  of  reinforced  concrete  as  used  in  buildings  to  obtain  reliable  data  of  the  effect 
of  fire  at  high  and  at  moderate  temperatures  upon  these  materials. 

II.  That  the  data  required  should  refer  especially  to  : 

1.  (a)  Loss  of  strength  during  fire. 

(b)  Loss   of  strength  after  a   fire.     (Both   upon   rapid   cooling   and   natural 
cooling.) 

2.  (a)  The  value  of  different  aggregates  and  the  proportion  of  Portland  cement 
to  the  aggregates. 

(b)  The  value  of  different  forms  of  reinforcement. 

III.  That  tests  conducted  with  the  view  of  obtaining  these  data  in  different 
countries  be  arranged  as  far  as  possible  on  a  uniform  basis,  the  universal  standards 
for  fire  tests  of  the  British  Fire  Prevention  Committee  adopted  at  an  International 
Congress  in  1903  to  serve  as  far  as  practicable  as  a  basis  for  the  testing  conditions, 
these  conditions  having  also  been  largely  applied  in  the  tests  of  the  Columbia 
University  Testing  plant  at  New  York  and  elsewhere. 

IV.  That  the  Council  of  the  International  Association  for  Testing  Materials 
create  a  special  sub-committee  (under  Group  B,  Cement,  Concrete,  etc.)  to  deal 
with  any  problems  arising  out  of  the  foregoing,  to  be  known  as  the  Sub-Committe^ 
on  the  Fire  Resistance  of  Concrete  and  Reinforced  Concrete,  and  that  this  Sub- 
Committee  be  requested  to  report  at  the  next  Congress. 

SOME  TECHNICAL  EXPRESSIONS. 

1.  That  the  Congress  recommends  for  the  total  or  absolute  force  the  terms  : 
In  French  :  Force,  effoil   (de  traction,  de  compression,  cle  cisaillement)  ; 

In    German  :    Kraft   (Zugkraft,    Druckkraft,    Schubkiaft   oder   Scheerkraft) ; 
In   English:   Force,   load   (tension,  compression,   shear,   pulil  and  thrust). 

2.  That  the  Congress  recommends  for  the  forces  (efforts)  per  unit  of  area  : 
In   French:   Tension,   pression,    cisaillement    (tension   norma  le ;   pressLon   noimiale, 
tension  tangentielle) ; 

In    German:    Zugspannung,    Druckspannung,    Schubspannung ; 

In  English  :  Tensile  stress,  compression  stress,  shearing  stress. 

The    terms  :     Frottement    interieur,    innere    Reibung,    internal    friction,    shall    be 

reserved  for  designating  the  tension,  parallel  to  the  plane  in  which  gliding  occurs, 

opposing  this  slipping. 

THE   CONCRETE   INSTITUTE. 

In  our  Memoranda  we  give  particulars  of  the  coming-  Session  of  the  Con- 
crete Institute.  In  the  same  chapter  we  refer  to  some  educational  lectures 
arranged  by  the  Institute,  and  in  another  column  we  deal  with  the  volume  of 
Transactions  recently  published  and  giving  an  account  of  the  Institute's  work 
during  the  first  six  months  of  this  year. 

We  have  from  time  to  time  dealt  at  considerable  length  with  the  work  of 
the-  Institute,  and  we  wish  it  every  possible  success  in  the  coming  Session, 
A\hen  the  work  will  be  conducted  under  its  new  President,  Mr.  E.  P.  A\'ells, 
J. P.  We  trust  that  little  or  00  time  will  be  accorded  during  this  Session  to 
Avhat  we  have  generally  termed  administrative  questions,  but  that  the  whole 
of  the  time  and  all  efforts  will  be  devoted  to  actual  scientific  and  practical  work, 
the  scope  of  which  is  enormous,  and  upon  the  fringe  of  which  alone  the  Institute 
has  so  far  only  touched. 

It  is  to  the  Science  Committee  of  the  Institute  that  the  professional  world 
will  principally  look,  and  it  is  a  matter  of  congratulation  that  the  chairmanship 
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of  this  important  comniiltce  is  in  the  able  liands  of  Professor  Henry  Adams, 
M.Inst.C.E.,  who  will  be  most  effectively  seconded  by  Mr.  E.  Fiander  Etchells, 
F.Phvs.Soc.  (vice-chairman),  whose  many  extensive  contributions  to  the 
discussions  of  that  body  are  well  known. 

Apart,  however,  from  the  scientific  aspect  of  the  Institute's  work,  wc  would 
press  for  more  work  on  the  practical  Parliamentary  and  legislative  side,  with 
due  regard  to  the  regulations  for  London,  the  provinces  and  the  colonies. 

The  question  of  regulations  for  concrete  and  reinforced  concrete  has 
occupied  the  closest  possible  attention  of  public  officers  and  the  technical  pro- 
fessions concerned,  and  there  is  no  doubt  that,  whilst  on  the  one  hand  greater 
facilities  are  required  for  the  erection  of  reinforced  concrete  structures,  such 
facilities  should  only  go  hand  in  hand  with  careful  regulation  and  supervision 
from  competent  authorities.  Here  again,  however,  the  Institute  is  most  for- 
tunate in  having  as  its  chairman  of  the  Parliamentary  Committee  Mr.  H.  Percy 
Boulnois,  M.Inst.C.E.,  whose  former  association  with  the  Local  Government 
Board  gives  him  a  wide  cognisance  of  both  the  advantages  and  disadvantages 
of  legislation,  of  red  tape,  and  the  diflficulties  that  have  to  be  contended  with. 

In  concluding,  however,  we  see  no  reason  why  both  these  committees 
should  not  add  materially  to  the  utility  of  the  Concrete  Institute  during  the 
impending  Session,  and  it  is  to  be  hoped  that  they  will  both  see  their  way  to  do 
active  and  energetic  work  in  the  interests  of  the  subjects  which  come  within 
their  purvie\v. 

THE  PORTLAND  CEMENT  INDUSTRY. 

The  annual  general  meetings  of  the  shareholders  of  the  leading  cement 
manufacturing  concerns  in  this  country  were  held  in  October,  and  we  are 
pleased  to  note  that  notwithstanding  the  reverses  to  which  the  trade  has  been 
subjected  during  the  past  year — mainly,  if  not  entirely,  owing  to  the  unfortunate 
labour  troubles  which  have  been  experienced — a  promising  year  appears  to  be 
in  prospect  for  the  various  companies.  What  concerns  us,  however,  more  than 
the  financial  aspect  of  the  position,  is  the  fact  that  it  is  the  evident  intention  of 
the  English  cement  trade  to  maintain  the  predominating  position  they  hold  in 
the  world's  markets  by  leaving  no  stone  unturned  to  provide  Portland  cement 
of  the  highest  quality  at  the  lowest  cost,  and  that  whatever  capital  mav  be 
necessary  to  accomplish  this  end  will  be  readily  forthcoming.  Beyond  all  ques- 
tion the  British  cement  industry  as  a  whole  has  kept  well  abreast  of  the  times 
in  the  all-important  matter  of  quality,  and  in  some  respects — notably  in  fineness 
of  grinding — it  is  well  ahead  of  the  cement  produced  abroad.  The  tendency 
of  modern  times  has  been  towards  the  concentration  of  the  manufacture  in 
fewer  and,  we  believe,  more  capable  hands,  and  in  no  small  measure  the 
improvements  which  we  have  from  time  to  time  noted  have  arisen  from  this 
fact.  Portland  cement  of  the  highest  quality  is  so  essentially  the  very  founda- 
tion of  all  constructional  works  that  we  welcome  any  event  which  mav  lead  to 
an  improvement  either  in  its  composition  or  in  its  method  of  manufacture,  and 
in  our  judgment  the  recent  developments  which  have  occurred  in  the  English 
trade  clearly  point  to  further  advances  in  these  respects. 
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We  publish  below  some  interesting  particulars  of  some  silos  recently  erected  in  reinforced 
concrete.  We  think  the  Great  Central  Railivay  Company  are  to  be  congratulated  on  their  far- 
sightedness and  progressive  policy  in  employing  reinforced  concrete  so  extensively  in  their 
neii)  port.— ED. 


This  building',  which  has  been  erected  for  The  Humber  Commercial  Railway 
and  Dock  Co.  at  Immingham,  is  an  important  example  of  a  complete  reinforced 
concrete  scheme,  and  it  has  been  carried  out  on  the  Wells'  system  by  Messrs. 
Stuart's  Granolithic  Co.,  Ltd.  Concrete  has  been  employed  throughout,  even 
for  the  large  cornice,  and  the  only  portion  of  brickwork  employed  was  that 
applied  as  a  facing  at  the  bottom  of  the  building  to  form  a  deep  plinth.  The 
scheme  can  be  divided  into  three  portions — viz.,  (i)  the  receiving-house,  (2)  the 
silos,  and  (3}  the  granary — each  of  which  is  more  or  less  complete  in  itself  and 
involving  entirely  different  calculations  and  design.  The  receiving-house, 
which  is  connected  to  the  silos  at  the  back,  is  about  43  ft.  by  27  ft.  6  in.  and 
about  67  ft.  high,  and  it  contains  three  floors  above  the  ground  floor.  This 
building  is  rather  curious  from  a  constructional  point  of  view,  inasmuch  that 
although  the  walls,  beams  and  columns  are  all  of  reinforced  concrete,  the  floors 
are  of  timber  2  in.  thick,  carried  on  ii-in.  by  3-in.  joists,  and  the  concrete  beams 
carry  the  machinery'  and  floor  at  points,  v^hilst  other  concrete  beams  act 
merely  as  ties  to  the  walls.  These  walls  are,  generally  speaking,  6  in.  thick 
for  the  two  lower  floors  and  4  in.  thick  above  this  level,  with  horizontal  and 
vertical  reinforcement  in  both  laces-,  with  additional  rods  at  the  window  openings, 
which  occur  on  all  floors.  Rods  are  placed  across  the  corners  of  openings  in  a 
diagonal  manner  to  act  as  ties,  and  the  wall  reinforcement  is  turned  around  the 
bars  at  the  openings  and  carried  back  in  the  concrete.  Piers  are  formed  at  the 
corners  of  the  building  ;uid  at  intermediate  points,  and  these  are  3  ft.  wade  and 
12  in.  thick,  reinforced  with  four  or  eight  vertical  lines  of  reinforcement,  the 
size  being  usually  ^  in.  diameter,  and  j-in.  diameter  links  throughout  to  each 
set.  of  four  rods.  The  interior  columns  are  square  and  vary  from  10  in.  at  the 
top  floor  to  ](j  in.  on  the  ground  floor,  and  these  are  reinforced  with  four 
rods,  varying  from  j  in.  to  \^  Jn.  diameter,  tied  with  ]--in.  links  at  8-in.  centres. 
The  bases  to  these  columns  are  generally  5  ft.  square,  having  a  minimum 
thickness  of  G  in.  splayed  up  to  meet  the  column  and  increasing  to  i  ft.  9  in. 
at  this  point,  with  h-m.  rods  as  reinforcemem.  The  roof  is  formed  with  4  in. 
of  reinforced  concrete  carried  on  reinforced  beams,  which  are  graded  to  give 
the  required  falls,  while  ledges  having  a  projection  of  3  in.  were  formed  as 
part  of  the  walls  to  give  a  bearing  for  the  floor  joists. 
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The  space  occupied  by  the  silos  measures  about  127  ft.  by  74  ft.  and  there 


are    eighty-two    bins    in   all. 
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These   bins    are    10    ft.    square   in   the    clear    and 
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have  a  height  of  about  50  ft. ,  while  they  have  a  total  capacity  of  over  one  thou- 
sand tons  of  grain.      A  weighing  floor  is  constructed  below  these  bins,  giving 


a  total  height  of  over  80  ft.   to  the  parapet,  exclusive  of  the  towers,  which  are 

carried  up    a    further   28   ft.    above    the   parapet.      The    drawings    illustrated   in 
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Fig-.  I  give  some  idea  of  the  construction  of  these  bins,  where  it  will  be  seen 
that  the  division  walls  are  6  in.  thick,  reinforced  with  horizontal  and  vertical 
rods  in  both  faces  in  such  a  manner  that  should  one  bin  be  full  of  grain  and  the 
adjoining-  bins  empty  the  safe  stresses  would  not  be  exceeded.  All  internal 
angles  are  finished  with  a  3-in.  splay  and  ^-in.  rods  are  provided  al  11 -in. 
intervals  across  the  corners  to  form  a  climbing"  ladder  in  case  it  is  necessary 
to  descend  into  the  bin.  The  bottoms  of  the  bins  are  splayed  to  the  outlet  and 
have  reinforced  concrete  varying  from  4  in.  to  5^  in.  thick,  with  beams  formed 
in  the  angles  under  the  walls,  practicall}-  of  triangular  form,  with  a  width  of 
3  ft.  at  the  bottom.  The  bars  from  the  wall  and  the  sloping  bottoms  are  carried 
well  into  these  beams,  which  are  in  turn  connected  to  the  columns. 

Cast-iron  frames  are  built  into  the  bottom  of  the  hoppers  for  the  attachment 
of  the  discharge  shutters,  as  shown  in  the  detail.  The  external  walls  were 
formed  with  8  in.  of  concrete  in  the  lower  25  ft.  and  6  in.  above  this  level,  with 
piers  3  ft.  wide  at  10  ft.  centres,  these  latter  projecting  5  in.  on  the  outside 
of  the  building-  and  having  a  flush  face  on  the  inside.  The  string  course 
and  cornice  are  shown  in  section  in  Fig.  i,  and  it  will  be  seen  that  these  were 
formed  of  reinforced  concrete  and  are  hollow  in  the  interior.  They  were  cast  on  a 
form  of  collapsible  centre  in  convenient  leng-ths  and  built  in  position  as  the 
w^alls  were  carried  up.  The  detail  is  not  quite  correct  as  regards  the  attach- 
ment to  the  wall,  there  being  a  recess  formed  in  the  latter,  which  afforded  a 
seating  for  the  cornices,  and  rods  were  provided  for  tying  back  as  indicated. 
As  far  as  possible  the  joints  were  arranged  to  come  over  the  centre  of  the  piers, 
this  giving  an  average  length  of  3  ft.  3  in.  to  each  block.  The  floor  over  the 
bins  was  formed  of  4  in.  of  concrete,  reinforced  with  f-in.  rods  in  both  direc- 
tions, as  illustrated  in  the  drawing  shown  in  Fig.  2,  and  finished  with  grano- 
lithic. The  holes  for  filling  the  bins  and  the  trap  doors  are  also  indicated,  and 
it  will  be  seen  that  additional  rods  were  placed  around  these  latter  to  effectually 
bind  the  whole  together.  The  size  and  detail  of  the  columns  varied  considerably, 
as  shown  in  Fig.  3.  Those  attached  to  the  walls  as  piers  are  generally  3  ft. 
wide  and  projecting  8  in.  or  10  in.  from  the  face  of  the  wall,  while  the  rein- 
forcement consisted  of  eight  lines  of  vertical  reinforcement,  well  tied  with  links 
at  about  8-in.  pitch.  Those  under  the  bins  vary  from  2i|-  in.  square  to  22I  in. 
square  and  were  reinforced  with  eight  bars  varying-  from  ih  in.  to  if  in. 
diameter,  four  of  these  being  placed  at  the  corners  of  the  column,  while  the 
remainder  were  placed  in  the  interior  to^  form  a  square  core  with  a  .S2"'"-  side. 
The  outer  rods  were  tied  with  f-in.  links  at  8-in.  centres,  while  the  hiner  rods 
did  not  require  any  binding  on  account  of  the  large  amount  of  concrete  around 
them. 

An  interesting  piece  of  construction  is  provided  at  the  level  of  the  weigh- 
ing floor  adjacent  to  the  lines  of  rails  that  enter  the  building  on  both  sides  for 
transport  purposes.  A  portion  of  the  floor  is  cantilevered  out  for  the  full  length 
of  the  building  and  a  4-iii.  wall  is  suspended  from  the  ends  of  the  cantilevers, 
which  have  a  projection  of  8  ft.  5  in.  from  the  centre  of  the  columns.  These 
cantilevers  have  a  depth  of  18  in.  and  a  thickness  of  7  in.  and  they  are  rein- 
forced in  both  top  and  bottom  surfaces  with  four  ij-in.  rods  connected  by 
stirrups.      The   wall    is   formed   wdth    large    openings    in   same,    with    piers    or 
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hang-ers  between,  and  these  latter  are  reinforced  with  four  bars,  while  the  panels 
under  the  windows  have  i-in.  rods  in  both  directions  as  reinforcement.  The 
columns  from  which  the  cantilevers  project  are  slightly  larger  than  the  others, 
being"  27  in.  square,  and  these  are  reinforced  with  sixteen  rods,  twelve  of  which 
are  spaced  on  the  perimeter  of  the  column  and  four  within  the  core.  It  is 
rather  unusual  to  find  a  w"all  carried  in  this  manner,  as  it  is  literallv  "  hung 
up  "  to  the  work  above  and  has  no   actual   seating  or  foundation.     The  plan 
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Fig.  3.     Details  of  Columns. 
Reinfcrced  Concrete  Silos,  Immingham. 

of  the  granarv  is  shown  in  ¥ig.  4,  which  is  a  drawing  of  the  floors  above  the 
first   floor. 

Tlic  building  which  adjoins  the  silos  on  the  opposite  side  to  the  receiving- 
house  measures  about  63  ft.  6  in.  by  127  ft.,  and  there  are  six  floors  above  the 
ground  floor,  giving  a  height  equal  to  that  of  the  silos.  The  floors  were  calcu- 
lated to  carry  a  load  of  3  cwt.  per  ft.  super,  and  these  are  divided  up  into  bays 
10  ft.  6  in.  long  and  7  ft.  wide.     These  bays  are  carried  by  secondary  and  main 
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beams,    the    former    having-   a    span    of    lo    ft.    6    in.     and    the    hitter    a    si)an 


of  about  20  ft.      The  shabs  were  made  5   in.    in   thickness  and   reinforced  with 
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5-in.  bars  at  4i-in.  centres  across  the  span  of  7  ft.,  these  bars  being  continuous 
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over    three  bays,   while   similar   bars    at    12-in.    centres    were    placed    at    rig'ht 
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angles  to  these.      The  secondary  beams  were  8  in.   deep  and  6  in.  wide,   rein- 
forced with  one    i^-in.    twin  rod,   and  hangers  and  bonders  about    12   in     apart. 


Fig.  6.     View  of  Receiving  End  of  Building. 
Reinforced  Concrete  Silos,  Immingham. 


Fig.  7.     General  View  'if  Wruk  in  Progress. 
Reinforced  Concrete  Silos,  Immingham, 


while  the  main  beams  were  18  in.  deep  and  7  in.  wide,  reintorced  with  a  if-in. 
twin  rod,  with  ample  provision  for  shearing  stress.      The  interior  columns  are 
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26  in.  square,  reinforced  with  fourteen  vertical  bars,  ten  of  these  having  a 
diameter  of  i|-  in.  and  being-  placed  near  the  outer  surfaces,  while  the  remaining 
four  are  placed  within  the  core  and  have  a  diameter  of  2  in.,  the  whole  being 
bound  by  f-in.  links  at  8-in.  centres.  The  external  walls  generally  are  6  in.  thick 
only  in  the  panels,  while  the  weights  from  the  floor  beams  which  come  against 
the  exterior  are  carried  by  projecting  piers  3  ft.  wide.  The  method  of  reinforc- 
ing the  piers  and  panels  is  illustrated  in  Fig.  5,  which  shows  the  elevation  of 
one  complete  wall,  and  the  reinforcement  around  the  windows,  as  previously 
mentic)ned,  can  also  be  seen.  The  towers  which  occur  at  the  receiving-house 
end  are  carried  up  about  32  ft.  above  the  cornice  of  the  main  buildings,  and 
these  are  formed  with  6-in.  walls  well  reinforced  and  have  a  reinforced  concrete 
string-  course  and  cornice  constructed  in  a  similar  manner  to  that  previously 
described. 

The  concrete  throughout  was  macWne  mixed  in  the  proportions  of  g  cubic 
ft.  of  aggregate,  4I-  cubic  ft.  of  sand,  and  224  lb.  of  cement,  while  all  the 
floors  were  hnished  with  granolithic  composed  of  5  parts  of  granite  to  2  parts 
ol  cement. 

The  foundations  are  carried  on  wooden  piles,  which  were  driven  before  the 
comnicncement  of  the  building  contract  proper,  and  these  are  in  groups  made 
proportionate  to  the  loads  to  be  carried,  as  many  as  eight  being  placed  together 
in  some  instances.  These  are  from  20  ft.  to  30  ft.  long,  and  the  soil  in  which 
they  are  dri\en  is  practically  a  thick  mud.  The  whole  of  the  buildings  have 
been  carried  out  in  an  excellent  manner  by  Messrs.  Stuart's  Granolithic  Co., 
Ltd.,  from  the  designs  of  Mr.  E.  P.  \\'ells,  who  acted  as  the  consulting  engineer 
to  Messrs.  Stuart's;  whilst  the  engineer  to  the  Great  Central  Railway  Co.,  to 
whose  instructions  the  work  was  carried  out,  was  ^Mr.  J.  B.  Ball.  Xo  other 
material  could  have  given  such  successful  results  as  those  obtained  bv  thi^'  use  of 
reinforced  concrete. 
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]f    at  the  Vlth  INTERNATIONAL 

CONGRESS  on  the  TESTING 

OF  MATERIALS  HELD  AT 

NEW  YORK. 


Vlth   CONGRESS, 
NEW    YORK,    1912. 


In  continuation  ot  the  Papers  presentea  at  this  Congress,  and  printed  in  our  September 
and  October  issues,  ive  noivgiiie  some  further  interesting  contributions  by  Dr.  fon  Emperger 
(Vienna),  Mr.  Albert  Grittner  (Budapest),  and  Mr.  A.  Martens  (Berlin). — ED. 


ACCIDENTS    IN    BUILDING    WITH    REINFORCED 

CONCRETE. 

By   DR.    F.   VON   EMPERGER,   Vienna. 

Experiments  in  which  accidents  in  the  course  of  buildini^  are  brought  about  by  design 
are  known  to  be  capable  of  affording  valuable  information  on  the  properties  of 
materials ;  and  thus  an  accident  during  building  also  forms  a  material  test,  carried  to 
the  point  of  rupture  and  furnishing  particulars  of  a  defective  property  of  the  material. 
It  is  naturally  to  the  general  interest  that  these  tests  should  be  confined  to  the 
laboratorv,  and  we  believe  therefore  that  these  experiments  and  the  increased  knowledge 
gained  thereby  on  the  building  materials  and  their  coaction  form  the  means  whereby 
accidents  in  practice  may  be  prevented. 

In  order,  however,  to  ascertain  what  are  the  points  on  which  our  knowledge  is 
capable  of  improvement,  and  where  experimental  investigation  should  begin  in  order 
to  attack  the  problem  effectually,  we  must  endeavour  to  trace  the  main  origin  of  these 
building  accidents  and  find  in  what  their  causes  consist.  The  same  dual  task  had  to 
be  faced  in  drawing  up  the  report  on  building  accidents,  presented  to  the  Brussels 
Congress  in  1904.  The  inadequacy  of  private  means  for  an  exhaustive  representation 
was  expatiated  upon  in  that  report,  and  the  desire  was  expressed  that  a  clearer  insight 
into  the  circumstances  of  the  case  might  be  afforded  by  the  aid  of  unimpugnable  official 
statistics. 

This  endeavour,  the  primary  aim  of  which  is  the  prevention  of  accidents,  has,  in 
the  meantime,  been  able  to  record  an  important  success,  inasmuch  as  two  countries 
have  given  effect  to  the  aforesaid  wish  of  the  Congress  by  introducing  a  svstem  of 
official  reports,  thereby  creating  an  unimpeachable  basis  for  further  work  of  the  kind. 
This  was  effected  in  a  particularly  thorough  manner  in  Germany  by  an  Ordinance 
issued  by  the  Ministry  of  Public  Works  on  September  i8th,  191 1,  which,  at  the  outset, 
was  applicable  only  to  Prussia  (see  "  Beton  und  Eisen,"  191 1,  p.  361). 

This  ordinance  not  only  prescribed  the  procedure  to  be  adopted  in  all  kinds  of 
building  accidents  (and  therefore  including  also  such  accidents  as,  not  being  attended 
with  any  injury  to  life  or  limb,  were  not  previously  subjected  to  any  jurisdiction),  but 
also  ensured  competent   judgment,  by  providing  a   list  of  experts,  whereas  the  pre- 


808 


fe^fSS^^  FOR  TESTING  MATERIALS. 


gj-ENOrNEERlNG — ; 


existing  reports  on  building  accidents  were  not  only  very  imperfect,  but  had  also  been 
drawn  up,  as  a  rule,  by  persons  more  or  less  unqualified  for  the  work. 

A  similar,  though  less  detailed,  ordinance  was  issued  by  the  Austrian  Ministry  of 
Public  Works  at  a  somewhat  earlier  date — viz.,  on  May  8th,  191 1  (see  "  Beton  und 
Eisen,"  191 1,  p.  449).  These  two  important  ordinances  fulfilled  a  principal  wish 
expressed  in  the  report  of  the  Brussels  Congress  in  1906  in  this  connection,  and  at  the 
same  time  created  an  influential  example.  At  all  events,  thev  have  restricted  the  system 
of  private  reports  to  the  other  countries  exclusively. 

Since  the  date  of  the  last  report  only  a  few  accidents,  of  little  importance,  have 
occurred  to  excite  general  attention.  In  view  of  the  circumstance  that  these  have  all 
been  reported  in  due  course  in  the  columns  of  "  Beton  und  Eisen,"  the  author  considers 
it  unnecessary  to  recapitulate  them  here,  more  especially  since  the  published  reports 
lay  no  claim  to  completeness  and  in  many  instances  are  derived  from  sources  that  are 
not  always  reliable. 

One  of  the  chief  causes  of  such  accidents  has  always  resided  in  imperfect  know- 
ledge of  the  material  at  the  time  of  removing  the  false  work  of  the  concrete,  since,  in 
view  of  the  divergent  influences  to  which  the  material  is  exposed  in  building  operations, 
the  quality  of  the  material  can  only  be  imperfectly  judged  in  the  laboratory  ;  or  also 
because,  in  the  absence  of  any  connection  between  the  laboratory  and  the  building  site, 
the  material  has  actually  escaped  any  checking.  It  has  happened,  for  instance,  that 
the  false  work  has  been  taken  down  from  concrete  which  has  been  spoiled  by  frost  or 
checked  in  its  development,  although  the  regulations  laid  down  for  ordinary  average 
conditions  have  been  strictly  complied  with;  and  that  this  premature  dismantling  of  the 
false  work  has  led  to  extensive  accidents.  Moreover,  it  has  also  happened  that  some 
contractors  have  had  accidents  when  working  on  proved  lines  through  using  materials 
to  which  they  were  not  accustomed  without  having  ascertained  whether  the  same  were 
equal  to  those  with  which  they  were  acquainted. 

Even  the  most  careful  precaution  cannot,  perhaps,  always  prevent  accident ;  but 
builders  do  not  always  possess  the  warning  consciousness  of  danger  at  the  time  when 
the  latter  is  most  imminent.  For  such  contingencies  the  present  writer  has  found  a 
trustworthy  and  proved  auxiliary*  in  the  form  of  check  or  test  beams,  which  enable 
one  to  ascertain,  in  a  simple  and  reliable  manner  and  on  the  spot,  whether  the  concrete 
of  a  structure  is  quite  ready  for  the  false  work  to  be  taken  down,  or  whether  that 
operation  should  be  delayed.  The  use  of  this  auxiliary  is  strongly  recommended  when 
building  operations  are  being  carried  on-  under  unusual  conditions,  especially  in  autumn 
and  winter,  also  in  excessively  hot  weather  and  when  unknown  material  is  being  used ; 
and  a  warning  must  be  uttered  against  the  assumption,  so  frequently  expressed,  that 
an  experienced  concrete  layer  can  judge  concrete  by  touch.  For  instance,  I  have  on 
several  occasions  on  which  specimens  of  sand  and  gravel  have  been  rejected  or  declared 
from  their  appearance  as  bad  by  experienced  men  in  the  trade  obtained  fundamentally 
different  results  by  means  of  the  test  beam.  How  much  less  is  it  possible  to  determine 
the  influence  of  cold  on  the  concrete  from  its  external  appearance  only.  For  the  purpose 
of  afi'ording  a  thorough  check  on  concrete,  I  have  applied  and  tested  this  method  (for 
a  description  of  which  see  "  Beton  und  Eisen,"  1903)  during  several  building  operations 
in  Vienna  in  1910;  see  more  specially  Kromus,  "  Die  BetonkontroUe 'beim  Neubau  des 
k.  k.  Kriegsministeriums  in  Wien  "  {Concrete  and  Constructional  Engineering,  July, 
1912),  and  also  an  exhaustive  description  by  G.  Neumann,  "  Eine  Giiteprobe  fiir  Beton, 
Svstem  Dr.  F.  von  Emperger  "  {Concrete  and  Constructional  E)}gincering,  October, 
1911). 

Taking  all  these  circumstances  into  consideration,  the  further  continuance  of  the 

*  "  II.  Bericht  der  Tagung  der  hoheren  deutscaen  Baupolizeibeamten,"  Berlin  1911,  published  by  W.  Ernst  &  Sohn. 

809 


INTERNATIONAL  ASSOCIATION  [CONCRETE] 

sjstcm  of  makinj4  private  reports  does  not  seem  advisable;  and  it  is  recommended  that 
the  German  and  Austrian  offieial  representatives  should  be  approached  in  ord(T  that  a 
report  from  ofificial  sources  may  be  available  for  the  next  Congress.  The  wish  might 
also  be  expressed  that  the  other  States  would  follow  the  example  and  h\'  means  of 
these  facts  afford  a  comj^rehensive  review  of  the  measures  to  be  adopted  for  the 
prevention  of  building  accidents.  The  matter  would  become  more  complicatcxl  and 
important  by  the  inclusion  of  the  Latin  countries,  such  as  France,  in  which  there  is  no 
stringent  building-police  supervision — at  least  of  the  kind  customary  in  the  Germanic 
countries.  It  would  furnish  an  opportunity  for  comparing  which  of  the  methods  gives 
the  best  results,  or  in  which  respect  they  have  an  improving  influence  on  the  contractor, 
if  the  statistics  were  compiled  in  an  approximately  uniform  manner.  The  question  at 
issue  is  whether  a  high  condition  of  independence  and  the  consequent  feeling  of 
responsibility  are  able  to  replace  the  present  extensive  but  always  insufficient  supervision 
or  not.  The  matter  of  uniformity  of  the  reports  demands  an  international  pronounce- 
ment, which,  however,  is  only  possible  on  the  occasion  of  our  Congresses ;  and  it  would 
be  desirable  if  this  could  be  brought  about  by  the  time  of  the  next  Congress. 

As  one  of  the  most  important  measures  in  connection  with  the  widening  of  our 
knowledge  on  the  matter  in  question,  the  fostering  and  extension  of  experiments  in 
building-mechanics  in  general  and  in  their  simplest,  and  therefore  so  important  form — 
namelv,  the  test  beam — are  warmly  recommended  to  all  interested  in  the  matter.  It 
w^ould  also,  in  the  first  place,  be  desirable  that  reports  on  the  use  of  the  test  beam  in 
practice  should  be  presented  to  the  next  Congress. 

WATERPROOF  CONCRETE. 

By  ALBERT  GRITTNER,  Budapest. 
The  application  of  fluates  for  the  preparation  of  waterproof  concretes  has  long  been 
known.  The  operation  requires  much  time  and  labour,  for  the  desired  object  can  only 
be  realised  by  applying  the  fluates  several  times.  Endeavours  have  hence  been  made  to 
find  other  materials  which  would  render  concrete  waterproof,  when  mixed  to  it,  and 
which  would  be  obtainable  at  lower  cost  and  applicable  with  less  trouble. 

I  have  been  investigating  two  such  materials,  namely  "  Biber  "  and  "  Aquabar." 
The  experiments  which  I  have  been  conducting  have  not  led  to  any  satisfactory  results, 
although  I  applied  the  materials  as  prescribed  by  the  manufacturers.  These  tests  have, 
further,  proved  that  Biber  may  be  replaced  by  common  coal  tar  oils,  and  that  equally 
good,  but  equally  less  satisfactory,  results  are  obtained  with  the  latter. 

The  substitution  for  Aquabar,  which  is  a  soap  solution,  of  a  solution  of  an  ordinary 
washing  soap  has  not  been  successful.  But  when  the  common  soap,  which  is  a  soda 
soap,  was  replaced  by  a  potash  soap  I  realised  not  only  favourable,  but  indeed  surprising 
results. 

Before  I  pass  to  these  experiments  with  potash  soap  I  should  like  to  refer  to  the 
results  which  I  obtained  in  my  fluate  experiments. 

For  these  experiments  I  used  a  Portland  cement  and  a  fine-grained  artificial  sand 
obtained  from  a  Karst  limestone.  The  sand  consisted  of  58  per  cent,  of  grains  less  than 
3  mm.  in  size  and  of  42  per  cent,  of  grains  more  than  3  mm.  in  size.  For  the  object 
of  testing  the  fluates,  hollow  cubes  were  prepared  of  7  cm.  edge  and  i  cm.  wall 
thickness.  In  order  to  determine  the  height  of  capillarv  suctions,  prisms  were  further 
made,  21  cm.  in  height  and  5  by  5  cm.  in  cross  section.  Finally,  discs  were  prepared, 
9  cm.  in  diameter  and  i  or  3  cm.  in  thickness,  and  were  submitted  to  the  water-pressure 
tests  in  a  Bohme  apparatus. 

Portland  cement  tested  in  accordance  with  the  standard  Hungarian  specifications 
yielded  after  28  days  the  following  strengths  : 

Tensile  strength,  37-4  kg.  ;  crushing  strength,  444  kg. 
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The  applied  solution  of  magnesia  fluate  was  of  20°  Beaume. 

The  specimens  were  made  such  that  the  density  of  the  finished  specimen  was  2-31. 
The  following  are  the  results  obtained  : 
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The  prisms  and  hollow  cubes  stood  in  4  cm.  of  water;  the  latter  were  covered  with 
glass  plates  to  prevent  any  evaporation  of  the  infiltrated  water. 

The  tests  show  that  waterproofing  can  only  be  realised  after  applying  several 
coatings  of  fluate,  and  that  would  render  the  process  too  expensive. 

My  potash-soap  experiments  were  started  on  the  instigation  of  Dr.  C.  Zielinsky, 
Professor  at  the  Technical  High  School  of  Budapest,  who  had  obtained  good  results 
when  using  potash  soap  on  a  concrete  building. 

The  Portland  cement  used  in  these  experiments  showed  after  28  days  a 
Tensile  strength  of  3i"8  kg.;  crushing  strength,  440  kg. 

The  river  sand  used  was  fine-grained,  94  per  cent,  being  less  than  3  mm.  in  size. 
The  density  of  the  sand  was  i"52.  The  gauge  liquid  consisted  of  a  soap  solution 
containing  8  kg.  of  potash  soap  in  a  100  1.  of  water.  It  should  be  emphasised  that  the 
soap  must  be  completely  dissolved,  which  is  best  secured  by  taking  care  to  use  warm 
water  and  to  filter  subsequently  through  some  loose  fabric. 

The  density  of  the  specimens  was  2-22.  After  being  kept  damp  for  28  days,  the 
specimen  was  placed  on  a  hot  stove  and  completely  dried.  When  the  tests  were 
finished,  the  specimens  were  once  more  dried  at  120°  C,  and  once  more  tested  in 
order  to  ascertain  whether  the  capacity  for  keeping  the  water  out  had  not  altered. 
The  results  were  the  same  in  the  first  and  in  the  second  instances.  The  dimensions  of 
the  specimens  were  the  same  as  those  used  for  the  fiuate  tests.  The  following  are  the 
results  : 
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It  was  striking,  aiul,  indcrd.  surjirisini;,  to  fmd,  in  tlic  case-  of  these  sufl-xiap 
test  sixH-iinens,  not  only  that  the  hollow  cubes  and  the  ])risnis  were  completely  water- 
proof, but  also  that  the  disc  i  cm.  in  thickness  could  maintain  a  water  column  of 
.S5  cm.  which  had  not  sunk  after  8  days.  Still  more  striking;  is  the  exjjerinicnt  in 
which  the  disc  of  3  cm.  thickness  withstood  the  pressure  ot  2-1  atmosphere^  without 
showintj  anv  permeation  of  moisture  after  24  hours. 

This  experiment  demonstrates  in  a  brilli.ant  fashion  that  a  dense  concrete  which 
lias  been  prepared  with  soft  Honp  will  be  completely  imi)ermeable  to  water,  without 
our  havinj^  to  t;o  throu.^h  th(>  laborious  operations  required  for  a  successful  ajjplication 
of  tluates. 

It  is  not  onlv  this  exijeriment  which  proves  the  correctness  of  the  facts  tha'.  have 
been  ascertained.  Practical  experience  confirms  this  experiment.  The  tank  of  the 
water  tower  on  Mar<:^aret  Isle  in  Budapest,  600  m.3  in  capacity,  was  prepared  with 
];otash  soap,  after  these  preliminary  experiments  with  hollow  cubes  had  proved  the 
concrete  which  was  used  to  be  completely  impermeable  to  water.  The  preparation  of 
such  concrete  with  the  ])Otash  soap  is  not  expensive.  The  cubic  metre  of  ccmcrete 
•would  at  the  highest  be  more  expensive  by  10  kronen  (8s.  6d.). 

It  is  true  that  a  firm  and  quite  dense  concrete,  free  of  voids,  which  has  been  most 
carefully  prepared  and  faced  with  cement,  will  also  be  waterproof;  but  this  object  can 
be  attained  bv  the  aid  of  potash  soap  with  much  less  trouble  and  care  at  much  smaller 
expense. 

One  important  question  remained  to  be  inquired  into.  It  must  be  admitted  that  a 
considerable  saving  might  be  effected  if  the  same  object  could  be  obtained  by  using 
much  smaller  quantities  of  cement.  The  question  was  :  Is  it  really  absolutely  necessary 
that  the  cubic  metre  of  concrete  should  contain  500  kg.  of  cement?  Might  not  the  aim 
be  secured  with  300  kg.   of  cement  ? 

I  therefore  conducted  some  experiments  in  which  the  cubic  metre  of  finished 
concrete  contained  onlv  300  kg.  of  cement.  For  these  tests  I  prepared  hollow  cubes  of 
20  cm.  of  edge,  the  wall  thickness  being  4  cm.  The  specimens  were  made  with 
Portland  cement,   which   after  28  days  yielded  : 

Tensile   strength,   34-2   kg.  ;    crushing   strength,    337   kg. 

The  Danube  sand  used  for  these  experiments  had  a  density  of  r62,  and  the  vohniie 
of  the  pores  amounted  to  35  per  cent.  The  coarse  additions  consisted  of  Danube 
]>ebbles  of  2  cm.  diameter  at  the  highest,  a  density  of  1-59,  and  a  pore  volume  of 
-,o  per  cent.  The  concrete  was  made  with  71-5  per  cent,  of  water  and  8  per  cent. 
<if  soap  solution  (calculated  for  the  cement  applied),  and  was  kept  damp  for  three 
weeks  before  being  submitted  to  the  test.  We  also  made  from  this  concrete  prisms 
of  21  cm.  edge  length  and  5  by  5  cm.  cross  section.  These  were  likewise  kept  in  the 
damp  for  three  weeks  and  afterwards  dried  in  the  stove  at  iot)°  C,  and  then  placed  in 
10  cm.  of  water  in  order  to  determine  the  amount  of  water  taken  up  by  the  specimen. 

The  results  are  tabulated  below.  We  should  add  that  we  also  prepared  cubes  of 
20  cm.  edge  for  the  pressure  test,  and  that  the  resulting  strengths  tabulated  are  means 
of  three  experiments.  
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These  experiments  demonstrate  that  a  waterproof  concrete  can  also  be  obtained 
by  the  aid  of  a  potash  soap  if  i  cm. 3  of  concrete  does  not  contain  more  than  300  kg'. 
of  Portland  cement.  Just  hke  the  previous  tests  with  500  kg.  of  cement,  these  tests 
demonstrated  that  the  discs  3  cm.  in  thickness,  when  exposed  to  a  water-pressure  of 
2-1  atmospheres  for  6  hours,  did  not  permit  the  smallest  quantity  of  water  to  permeate; 
they  did  not  even  turn  damp  when  potash  soap  had  been  used  in  their  preparation. 
The  same  discs  were  compk-teiy  wetted  through  in  one  hour  when  they  had  been 
prepared  with   water. 

U'hen  a  waterproof  concrete  is  to  be  made  with  potash  soap,  the  chief  condition 
to  be  observed  is  that  the  concrete  should  be  perfectly  dense — that  is  to  say,  free  of 
voids.  The  pores  between  the  sand  particles  should  be  entirely  filled  with  cement;  but 
since  this  would  require  a  great  deal  of  cement,  it  is  important  to  know  that  the  mortar 
may  be  mixed  with  pebbles  and  crushed  stones,  such  that  part  of  the  volume  of  the 
pores  is  filled  by  this  material,  which  is  embedded  in  the  mortar. 

Su^rMARV. 

1.  A  waterproof  concrete  can  be  prepared  by  the  apjjlication  of  filiates.  The 
operation,  however,  requires  a  great  deal  of  time  and  labour. 

2.  By  the  application  of  an  8  per  cent,  solution  of  potash  soap,  instead  of  water, 
in  mixing,  the  concrete  can  be  rendered  waterproof,  so  as  to  fulfil  all  requirements  as 
to   impermeability  to  water. 

3.  In  order  to  prepare  waterproof  concrete  with  the  aid  of  potash  soap,  we  have 
to  apply  at  least  300  kg.  of  a  good  Portland  cement  per  cubic  metre  of  concrete.  When 
the  cement  is  of  a  less  superior  quality  it  will  be  advisable  to  take  500  kg.  of  cement 
per  cubic  metre  of  concrete. 

The  author  comes  to  the  conclusion  that  a  waterproof  concrete  which  will  satisfv 
all  requirements  can  be  obtained  witli  the  aid  of  a  ]jotash  soa])  solution  of  8  per  cent. 
\\  hen  from  300  to  500  kg.  of  Portland  cement  arc  used  [ler  cubic  metre  of  concrete. 


FUNDAMENTAL  PRINCIPLES  FOR  THE  ORGANISA^ 
TION    OF    THE    PUBLIC   TESTING   OF   MATERIALS. 

By  A.   MARTENS,    Director  of  the  Royal  Prussian  Government  Institute  for  Testing 
Materials,  Gross-Lichterfelde,  near  Berlin. 

Within  the  last  thirty  years  the  testing  of  materials  has  acquired  a  permanent  position 
among  Government  institutions,  and  at  the  present  time  the  subject  has  been  verv 
fullv  developed  by  a  large  number  of  countries,  whilst  others  are  endeavouring  to 
raise  it  to  a  high  status. 

In  speaking  now  of  the  organisation  of  such  testing  institutions,  it  is  necessarv 
for  me  to  premise  that  this  organisation  must  differ  according  to  the  local  conditions 
in  each  country;  but  as  these  conditions  are  beyond  my  cognisance  and  I  therefore 
<annot  deal  with  them,  I  shall  confine  myself  chiefly  to  those  which  prevailed  in  the 
case  of  Gross-Lichterfelde.  Even  these,  however,  I  shall  merely  touch  upon,  since  in 
my  opinion  thev  are  by  no  means  ideal,  but  are  capable  of  improvement  in  many 
respects. 

In  the  first  place  we  will  draft  the  fundamental  jjrinciples  for  the  establishment 
of  a  |)ublii-  institute  for  testing  materials,  and  thi-n  proceed  with  the  plan  of  such  an 
institute  on  a  large  scale. 

A  well-equipped  institute  for  testing  materials  can  contribute  in  a  very  important 

degree   to   the   furtherance  of   the   industry   and    commerce  of   a    country,   pro\ided   it 

meets  the  requirements  of  the  consumers  and   producers  of  materials,    without  being 

subjected   to   one-sided   influence   from   these   circles   in    their   own    interests.      Conse- 
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quenlly,  whilst  maintained  In'  the  State,  such  institute  should  be  oxempt  from  the 
influence  of  interested  State  technical  officials  (railway,  traffic,  military,  etc.,  depart- 
ments) as  also  from  that  of  other  interested  persons.  Its  sole  oblif^ation  should  be  to 
test  materials,  at  the  request  of  any  citizen,  freely  in  accordance  with  the  laws  of 
scientific  technology  and  with  all  skill,  by  the  aid  of  highly  reliable  instruments,  whose 
accuracy  is  being  continually  checked,  and  to  act  as  arbitrator,  at  the  request  of  the 
parties  concerned,  in  case  of  disputes. 

Although,  according  to  this,  the  institute  can  be  called  in  aid  by  anyone,  it  is 
nevertheless  unnecessary  that  it  should  perform  its  functions  gratis.  On  the  contrary, 
it  seems  perfectly  just  that  the  parties  who  have  derived  benefit  from  the  w'ork  per- 
formed should  be  called  upon  to  pay  a  suitable  charge,  sufficient,  at  least,  to  cover  the 
outlay  on  labour  and  testing  appliances.  It  may  be  left  an  open  question  whether,  in 
addition,  the  outlay  on  administration  expenses,  cost  of  site  and  plant,  should  be 
charged  in  full  to  the  parties  in  question.  In  my  own  opinion,  this  portion  of  the 
expenses  should  be  borne  by  the  State  Treasury  because,  as  already  mentioned,  one 
is  justified  in  requiring  that  a  State-supported  testing  institute  shall  be  managed  in 
accordance  with  all  the  rules  of  art  and  science  and  serve  science  free  of  charge.  More 
especiall}-  may  one  require  that  the  institute  shall  of  itself  (that  is  to  say  at  the  cost 
of  the  State)  aid  science,  at  least  in  all  the  branches  which  need  to  be  developed  for 
the  purpose  of  completely  solving  its  own  problems.  The  inevitable  consequence  of 
this  will  be  that  the  institute  will  also  have  to  perform  such  tasks  as  will  afTord 
general  assistance  to  the  trade  and  industry  of  the  country,  and  w-hich  therefore  fall 
to  the  charge  of  the  public,  i.e.,  the  State.  This,  however,  does  not  preclude  the 
possibility  that,  in  special  instances,  large  associated  interests  may,  at  their  joint 
expense,  employ  the  services  of  the  institute  for  extensive  tasks.  In  this  way  the 
Gross-Lichterfelde  testing  institute  has,  in-  fact,  carried  out  very  extensive  tasks  in 
common  with  certain  industrial  groups  and  technical  associations  in  Germany. 

Even  in  these  circumstances  the  tasks  and  performances  of  the  institute  must  be 
estimated  on  a  purely  commercial  basis.  Accordingly,  it  must  be  strongly  insisted  that 
not  only  should  the  indi\idual  citizen  pay  for  the  work  which  has  been  done  for  him 
directly,  but  also  that  the  expenses  incurred  in  the  pubHc  interest  shall  be  covered  by 
an  income  corresponding  to  the  ideal  services  performed  for  the  commonweal.  The 
extent  of  this  value,  however,  cannot  be  estimated  by  the  Minister  of  Finance,  but 
must  be  established  by  a  committee  of  experts,  who  can  at  the  same  time  form  a 
permanent  advisory  board  for  the  management  of  the  institute,  and  must  be  composed 
and  organised  in  such  a  way  that  all  one-sided  interests  are  excluded. 

On  this  account,  the  advisory  board  should  be  an  honorary  body,  appointed  for  a 
limited  time,  and  on  which  high  administrative  officials  in  the  State  service  will  sit 
in  association  with  representatives  of  technical  bodies,  technical  officials  and  repre- 
sentatives of  commerce  and  industry ;  so  that,  whilst  all  interested  circles  have  a 
voice  on  the  board,  the  institute  cannot  be  exposed  to  any  one-sided  influence.  The 
managing  officers  of  the  institute  should  have  seats  on  the  board,  so  that  they  may  be 
personally  responsible,  and  can  also  represent  the  interests  of  the  management 
personally  on  the  board. 

If,  as  is  the  case  at  Gross-Lichterfelde,  the  institute  has  to  deal  with  the  entire 
domain  of  the  testing  of  technical  materials,  it  must  be  divided  into  a  number  of 
departments,  each  under  the  management  of  a  very  active  specialist,  so  that  in  each 
case  the  experience  gained  in  that  particular  branch  may  be  represented  very  com- 
pletely. These  managers  must  dispose  of  an  adequate  staff  consisting  of  men  ex- 
perienced in  the  branch  with  which  their  department  is  concerned,  and  other  assistants. 
It   is   advisable   to    give    the   higher   officials   permanent   positions,    but    to    make    the 
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appointments  of  the  assistants  revocable,  in  order  to  ensure  strenuous  activity  and 
facilitate  the  weeding  out  of  unsuitable  elements. 

The  total  equipment  of  the  institute  should  be  arranged,  by  grouping  the  individual 
departments,  in  such  a  manner  that  the  different  rooms  are  in  the  most  suitable 
juxtaposition,  and  can  be  supplied  with  power,  light,  heat,  etc.,  from  a  central  generat- 
ing station.  There  should  also  be  central  offices  for  internal  communication  (tele- 
phone), the  administration  of  the  domestic  concerns  of  the  institute  (house,  outdoor 
and  garden),  purveying,  control  of  materials,  library,  collections,  etc. 

The  supervision  of  the  whole  should  be  confided  to  a  directorate,  charged  with  the 
external  representation  of  the  institute  and  the  supervision  of  the  general  and  scientific 
work,  whereas  intercourse  with  those  who  desire  to  have  work  done  should  be  prefer- 
ably in  the  hands  of  the  departmental  chiefs,  this  being,  of  course,  carried  on  in 
accordance  with  certain  general  principles  common  to  the  whole  establishment. 

A  sufficient  staff  and  accommodation  should  be  provided  for  the  clerical  ana 
cashier's  department ;  and  reception  rooms,  meeting  rooms  and  lecture  theatres,  fitted 
with  up-to-date  equipment,  will  also  be  required.  A  clerical  and  recording  staff  will 
also  be  required  for  each  department,  to  deal  with  the  testing  certificates,  supervision 
work  and  scientific  results  obtained.  This  is  necessary  because  accurate  special  know- 
ledge is  required  for  this  work. 

At  Gross-Lichterfelde  the  general  works'  management  is  under  the  care  of  the 
Director,  who  is  assisted  in  this  part  of  the  work  by  a  permanent  technical  col- 
laborator. The  general  works  department  comprises  the  boiler  plant  for  heating  the 
entire  institute  and  supplying  steam  to  the  engines ;  the  electric  and  hydraulic  plant 
supplying  power  to  the  various  departments ;  the  general  system  of  conductors  and 
conduits  for  electricity,  gas  and  water  (high-pressure  and  town-water  mains),  steam 
pipes  and  drains,  and  also  general  repairs  and  the  upkeep  of  the  building  and 
appliances. 

The  institute  is  divided  Into  six  departments,  viz.  :  No.  i  for  testing  metals. 
No.  2  for  testing  building  materials.  No.  3  for  testing  paper  and  textile  materials. 
No.  4  for  metallography,  No.  5  for  general  chemistry,  and  No.  6  for  testing  oils. 
Each  of  these  departments  carries  out  all  kinds  of  tests  on  the  materials  falling  within 
its  scope,  and  issues  reports  in  answer  to  questions  relating  thereto. 
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SOME  POINTS  THAT  ARE  OFTEN  OVERLOOKED  IN  LESIGN. 
By  EWART  S.  ANDREWS.  B  Sc.Eng  (Lond.) 

The  subject  of  Secondar;^  Stresses  is  one  of  considerable  importance  in   engineering 
•work,  and  the  folloiuing  article  by  Mr.  Andrews  should  be  of  interest  to  oar  readers.— ED. 


In  designing  riveted  joints  for  constructional  steelwork  very  few  engineers  appear 
to  allow  for  what  are  known  as  "  secondary  stresses,"  although  such  stresses,  as 
Ave  shall  show  later,  often  come  as  high  as  the  primary  stresses.  Some  will  argue 
that  the  structures  designed  with  the  omission  of  such  considerations  appear  to  be 
safe  in  practice,  so  that  there  is  no  need  to  worry  about  such  refinements.  But 
this  attitude  in  the  matter  is  surely  not  satisfactory  if  we  regard  our  designing  as 
a  science.  A  similar  argument  can  be,  and  has  been,  advanced  against  making 
any  calculations  at  all,  and  this  attitude  is  typical  of  the  mind  that  considers  that 
what  was  good  enough  for  our  fathers  is  good  enough  for  us  ;  it  is  half-brother  to  the 
insular  conservatism  which  made  the  red  flag  precede  the  motor-car  in  this  country 
and  which  caused  reinforced  concrete  vi^alls  to  be  built  thicker  than  brick  walls. 

Definition. — We  may  regard  "  secondary  stresses  "  as  "  stresses  induced 
in  a  structure  by  a  failure  of  the  design  to  comply  with  the  assumptions  that  are 
made  in  the  calculations." 

In  a  calculation  for  the  stresses  in  framed  structures,  for  instance,  we  assume 

,J  that    the    members    are     pin-jointed 

-X        together  and  that  the  centroid  lines 
of  the  various  bars  intersect  at  the 
centres  of  these  pins ;  we  very  sel- 
FiG.  1.  dom,  however,  construct  our  structure 

in  accordance  with  these  assumptions, 
and  we  ought  to  consider  what  additional  stress  this  introduces.  We  shall  find 
that  in  many  cases  the  results  of  such  considerations  are  startling. 

Numerical  Example. — Take,  for  a  first  example,  a  4"  X4"  x  h"  T-bar  used, 
say,  as  the  rafter  of  a  roof  truss. 

The  centre-line  of  the  rivets  connecting  this  bar  to  the  other  parts  of  the 
structure  is  usually  at  a  uistance  of  2x  in.  from  the  flange. 

If  the  length  of  rafter  between  supports  be  taken  as  6  ft.  and  we  treat  the 
ends  as  pin-jointed,  then,  according  to  the  usual  formulae — such,  for  instance,  as 
those  tabulated  in  Dorman,  Long  &  Co.'s  "  Pocket  Companion  " — the  safe  load 
on  this  bar  is  ll'l  tons.  Most  designers  would  consider  this  section  as  quite 
satisfactory  if  the  calculated  load  were  not  greater  than  this. 

Now,  let  us  look  at  the  properties  of  this  section  as  given  in  the  standard 
tables.     They  are  : —  Area  A  =376  sq.  in. 

Distance  J  to  centroid  =]  "16  in. 
8i^  /.•..  =  5 '40 
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In  the  use  of  this  bar,  therefore,  the  load  is  transmitted  at  a  distance  =2'25  —  I'lS 
=  r09  in.  out  of  centre. 

The  bending  moment  due  to  this  is  .17=  11' 1  X  r09=  12T  in.  tons. 

To    a    1st  approximation    the    compressive    bending    stress    caused    in    this 


M 
manner  =  -  y 


12"lX(4-ri6)_12'lX2'84 


5"40 


6'4  tons  per  sq.  in.  approximate!} 


.  Total  stress 


in 


+  6'4  =  9'3  tons  per  sq.  in. 


writer's  opinion,  no  doubt  that  it  is  greater  than  the  primary  stress  of 


2'9 


-^  -e-  ^  -e^\  \-e  -a  -^  ^  e  V 


5'40 

A        I       376 
This  is  considerably  above  the      safe  "  figure. 

It  will  also  be  noted  that  the  secondary  stress  of  6"4  tons  per  sq.  in.  is  more 
than  twice  the  primary  stress  of  2'9  tons  per  sq.  in. 

A  more  accurate  formula  for  calculating  the  secondary  stress,  which  allows 
for  the  additional  eccentricity  due  to  the  deflection  of  the  bar,  is — 

My 12TX2'84 

Stress  -^_m^25-,o_ll'lx72X72~^^^""^  P^'  "^-  '"• 
lOE  10X13000 

E  in  this  formula  is,  as  usual,  Young's  Modulus. 

It  is  very  difficult  to  say  exactly  what  the  actual  maximum  stress  will  be  in 
this  case,  because  we  cannot  get  inside  the  section  to  find  out,  but  there  is,  in  the 

11-1 
376 
tons  per  sq.  in.,  which  is  all  that 
most  designers  would  allow  for. 
Mr.  E.  W.  Pittman,  in 
a  paper  read  before  the 
Engineering  Society  of 
Western  Pennsylvania  [Pro- 
ceedings, 1909-10],  gives  some 
interesting  sketches  of  riveted 
joints  as  commonly  designed, 
and  as  they  should  be  designed  to  minimise  secondary  stresses  and  to  get  equal 
loads  on  the  rivets.     Fig.   2  shows  a  joint  in  a  N  girder. 

(a)  is  the  usual  arrangement ;   (h)  is  the  more  correct  variation. 

Fig.  3  (a)  shows  a 


common  arrangement 
for  the  shoe  of  a  roof 
truss.  This  is  open  to 
the  objection  that  the 
centre  lines  of  the 
rafter  and  tie  do  not 
intersect  upon  the 
centre  line  of  the 
column,  so  that  second- 
ary bending  stresses 
will  be  caused  in  the 
sections,     apart     from 


Fig.  2. 


Fig.  3b. 


those  caused  by  the  eccentricity  of  the  rivets. 
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Fig.    3    {b)   sliows   a   preferable  arranj^^ement,    also    common,    in   which    the 
above  objection  is  met ;   but  it   has,    in   common   with  tlie  form  above,  another 

objection  that  might  be  avoided — viz., 
that  the  rivets  will  not  be  equally 
stressed,  as  their  centroid  does  not 
coincide  with  the  imaginary  pin-joint. 

Fig.  3  (c)  shows  an  arrangement — 
not  common —  in  which  both  objections 
are  avoided. 

Fig.  4  shows  a  knee-brace  con- 
nection to  a  column.  The  form  shown 
as  (a)  is  quite  common  and  is  open  to 
the  objection  that  the  rivets  passing 
through  the  column,  which  are  in  tension 
as  well  as  shear,  are  unequally  stressed. 
In  the  form  shown  at  {b)  this  objection 
is  removed. 

Another  familiar  case  in  which 
secondary  stresses  occur  in  ri\eted 
joints  is  to  be  found  by  a 
consideration  of  an  angle-cleat 
for  use  in  connecting  I-beams 
together. 

Apart  from  a  consideration 
of  secondary  stresses,  the  pro- 
cedure for  finding  the  number 
of  rivets  necessary  between  the 
angle-cleat  and  its  beam  would 
be  as  follows  : — 

Find  the  reaction  R  trans- 
mitted from  the  beam  to  the 
other  part  to  which  it  is  to  be 

connected  ;  calculate  also  the  least  strength  r  of  each  rivet  in  shear  or  bearing 

p 
Then  the  number  of  rivets  necessary  =-  =//. 

r 

Numerical  Example. — Take,  for  instance,  the  case  of  a  16"  x  6"  standard 

I  -beam,  with  a  span  of  18  ft. 

From  the  tables,  section  modulus  =  90'7. 

.  ■  .  with  stress  =  7*5  tons  per  sq-  in. 

Safe  bending  moment  =  7'5  X  90"7. 

Wl. 

8 

907X7'5X8 


.  if  load  is  distributed  evenly, 

i.e.,  W 

tax  12 

R  = 


7"5X907, 


18X12 
load  on  each  cleat 


25  tons,  nearly, 
25 


o 


IZ5  tons. 


Using  |-in.  rivets,  we  have  shear  strength  of  each,  double  shear  5  tons  per  sq.  in. 

=  5X0'884  =  4"42  tons. 
8i8 
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SECONDARY  STRESSES. 


Taking  web  of  beam  =  '55  in. 


] 0  X  'SS  X  3 
Bearing  strength  of  each  rivet  = ;, =4' 12  tons. 


number  of  rivets  required 


12'5 
4'12 


=  3. 
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In  good  practice,  however,  more  than  three  are  used,  five  being  the  most  common. 
This  is  because  the  load  R  is  distributed  along  the  edge  of  the 
cleat  {Fig.  5),  and  not  down  the  centre  line  of  the  group  of  rivets, 
and  this  eccentricity  causes  a  twisting  action  on  the  rivets  as  a 
group  which  increases  the  stress  on  each. 

The  formula  for  obtaining  these  additional  stresses  was 
explained  and  proved  in  an  article  by  the  present  writer  in  the 
"Architects  and  Builders'  Journal"  of  February  1st,  1911,  p.  123. 
If  .r  is  the  perpendicular  distance  from  the  load  R  to  the 
centre  of  gravity  of  the  group  of  rivets  {i.e.,  a;  =  eccentricity  of 
load),  and  s  is  the  distance  from  any  particular  rivet  to  this 
centre  of  gravity,  then  the  secondary  load  S  on  this  rivet  is 
given  by — 

Rxs 


<>-r 


-^- 


-^ 


<y 


s= 


2s- 


where  -^s'  is  the  sum  of  the  squares  of  the  distances  of  all  the  rivets  from  their 
centre  of  gravity.  In  the  case  referred  to  above  {Fig.  5)  and  worked  out  in  detail 
in  the  previously-mentioned  article,  the  secondary  stress  S  on  the  top  left-hand 
rivet  for  the  whole  reaction  of  12'5  tons  comes  to  3'18  tons;  the  primary  load  F 

on  each  rivet  is  — ^^  =  2'5  tons,  .  '  .  the  resultant  load  T,  found  by  the  triangle  of 

forces  as  shown  =4'40  tons.  This  is  a  little  above  the  safe  load  of  4T2  tons 
which  we  obtained  previously. 

In  the  discussion  of  Mr.  Pittman's  paper  referred  to  abov^e,  Mr.  P.  S.  Whit- 
man gave  some  very  interesting  figures  of  tests  on  cleat  connections. 

Each  cleat  had  two  rivets  on  one  side — for  instance,  as  given  by  Messrs. 
Dorman,  Long  for  6-in.  and  5 -in.  beams.  The  results  were  rather  variable,  but 
in  most  cases  the  safe  load  given  by  the  test  was  between  the  values  for  ordinary 
primary  stress  calculations  and  those  allowing  for  secondary  stress. 

The  following  results  are  interesting  : — 


Safe  Loads,  in  lbs. 

Test  Number. 

By  Test. 

By  Ordinary 
Method. 

By  New 
Method. 

1 

1,000 

6,900 

1,470 

-2' 

6,500 

6,900 

1,765 

3 

4,450 

13,800 

2,940 

4 

6,250 

13,800 

3,530 

5 

1,000 

— 

— 

6 

2,000 

6,900 

1,470 
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No.  5  is  very  interesting' ;  the  holes  in  the  beam  were  |  in.  larf^er  in  diameter 
than  the  rivets,  so  that  the  safe  load  of  1,000  lb,  is  a  measure  of  the  friction 
exerted  by  the  closing  of  the  rivets  ;  this  friction  is  a  very  variable  (luantity  in 
riveted  joints  and  cannot  be  relied  upon  with  safety  for  design.  Nos.  2  and  4 
were  riveted  in  the  ordinary  way.  No.  1  had  rough  bolts  forced  in,  the  nuts 
being  tightened  only  by  hand. 

Nos.  3  and  6  had  turned  bolts,  with  nuts  tightened  by  hand.  It  will  be  noted 
with  interest  that  in  these  two  cases,  which  come  the  nearest  to  the  theoretical 
conditions  of  the  joints,  the  results  by  test  agree  very  much  better  witii  the 
calculations  by  the  new  method  than  with  the  old. 

Although  it  cannot  be  said  definitely  that  in  design  the  whole  of  the  secondary 
stresses  must  be  allowed  for,  it  is  thought  that  the  foregoing  will  show  that  a 
consideration  of  such  stresses  is  essential  in  scientific  designing  of  riveted  joints, 
and  that  where  possible  the  joints  should  be  arranged  so  as  to  minimise  these 
stresses. 
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THE  CONSTRUCTION  OF 
THE    ROOSEVELT    DAM. 

A  HIGH  MASONRY 
DAM  IN  ARIZONA. 


We  present  hereiuith  some  particulars  regarding  the  construction  of  the  Roosevelt  Dam  in 
Arizona.  The  txiork  is  of  special  interest  on  account  of  the  many  difficulties  that  luere 
encountered  in  the  course  of  erection.  We  are  indebted  to  Mr.  Chester  W.  Smith,  Construct- 
ing Engineer  of  the  Dam,  for  our  illustrations,  and  the  particulars  "were  abstracted  from  an 
article  in  the  "Engineering  Record"  by  Mr.  Chester  Wason  Smith,  Engineer,  United 
States  Reclamation  Service.  — ED. 


The  Roosevelt  Dam,  which  was  completed  last  year,  has  been  built  by  the 
U.S.  Reclamation  Service  for  the  purpose  of  irrigating;  about  250,000  acres 
of  land  in  the  vicinity  of  Phcenix,  Arizona.  It  is  built  across  the  Salt  Ri\cr, 
about  60  miles  by  direct  line  from  Phoenix  and  about  one-fourth  mile  below  the 
junction  of  Salt  Ri\er  and  Tonto  Creek.  It  forms  a  rescr\oir  coverings  1,329 
acres  and  supplied  from  a  watershed  of  about  5,800  sq.  miles. 

The  original  low-water  level  of  the  river  at  the  dam  site  was  1,903  ft.  above 
sea  level. 

The  rock  at  the  site  is  a  very  hard,  fine-g^raincd  sandstone,  verv  distinctly 
s-tratified,  and  dipping;  upstream  at  an  ang;le  of  29  deg'. ,  practically  at  right 
ang"les  to  the  dam.  The  dam  is  of  gravitv  section,  but  is  also  arched  on  a 
radius  (to  the  centre  of  the  roadway  on  top)  of  410  ft. 

The  parapet  walls  are  3  ft.  8  in.  m  heig"ht  above  the  roadway.  They  arc 
corbeled  out  so  as  to  g-ive  a  roadway  15  ft.  8  in.  in  the  clear  between  curbs. 
The  dam  proper  forms  a  quarter  circle,  from  each  end  of  which  abutments  are 
extended  on  the  tang'ent.  About  35  ft.  on  these  tang"ents  are  the  curved  faces 
of  the  wing;  walls,  and  from  thence,  there  is  a  waste  weir  200  ft.  long;  at  each 
end.  A  spillway  was  cut  in  the  solid  rock  around  each  end  of  the  dam  ;  from 
them  was  taken  practicallv  all  the  stone  which  went  into  the  masonry.  The 
^\  ing;  walls  above  mentioned,  curving"  from  the  ends  of  the  dam,  arc  for  I  he 
])urpose  of  forming;  side  walls  to  the  spillwavs  until  llic  latter  di]3  sufHcientlv 
below  the  natural  surface. 

Across  each  spillway  the  roadwav  is  carried  on  a  three-arch  reinforced 
concrete  bridg"e ;  each  span  is  59  ft.  in  the  clear.  As  originalh-  laid  out,  these 
bridges  were  located  on  the  line  of  the  chord  joining-  the  ends  of  the  dam,  pro- 
duced each  way  to  the  vertical  side  wall  of  the  spillway.  To  connect  the  land 
end  of  the  bridg-es  on  this  location  \\\\\\  the  road  ^\■ould  ha\e  required  either  a 
very  expensive  undercutting  of  the  rock  around  the  vertical  wall,  or  a  reinforced 
concrete  viaduct  built  around  the  face  of  the  cliff,  with  probable  danger  in  tlie 
future  from  the  falling  of  detached  rock  or  boulders.  These  considerations  led 
to  the  relocation  of  the  bridges  as  shown  on  the  accompanying  plan,  witli  the 
square  turn  onto  the  bridge  eased  by  cutting  off  tiie  corner  by  a  reinforced 
concrete  beam  and  floor. 
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Through  the  dam  arc  ihrcc  openings.  A  tunnel  of  108  ft.  cross-section 
and  450  ft.  long  was  driven  through  the  wall  of  the  canyon  around  the  south 
end  of  the  darn.  This  was  for  the  purpose  of  passing  the  river  while  at  work 
on  the  foundations,  and  later  to  serve  as  a  scouring  or  sluicing  tunnel.  '1  he 
inlet  of  this  tunnel  is  about  125  ft.  upstream  from  the  dam,  and  is  screened  ])y  a 
reinforced  concrete  cage-like  tower  78  ft.  high. 

At  the  intersection  of  the  tunnel  with  the  upstrearh  face  of  the  dam  arc 
placed  the  gates,  six  in  number,  one  set  being  the  service  gates  and  the  other 
set,  about  10  ft.  upstream,  being  the  emergency  set,  each  opening  being 
4^^  ft.  by  9  ft.  In  operation  these  gates  are  drawn  above  the  roof  of  the  tunnel 
by  hydraulic  cylinders  2  ft.  in  diameter,  in  a  chamber  above.  The  rods  pass 
through   stufiing   boxes   set   in  a  heavily   reinforced   concrete  floor  7   ft.    thick. 


Sketch  Map  of. the  Vicinity  of  the  Roosevelt  Dam. 
The  Roosevelt  Dam. 

This  operating  chamber  is  at  the  foot  of  a  shaft  built  out  on  the  upstream  face 
of  the  dam,  and  leading  to  the  top  of  the  dam. 

The  second  opening  is  a  lo-ft.  diameter  riveted  steel  penstock  passing 
through  the  dam  on  the  upstream  face  in  the  power-house  below  the  dam. 
The  opening  on  the  upstream  face  is  rectangular,  about  5  ft.  by  20  ft.,  with 
a  heavy  cast-iron  grille  set  in  the  face  of  the  dam.  This  opening  passes  by 
warped  surfaces  of  concrete  to  the  circular  steel  penstock.  On  the  upstream 
face  of  the  dam  are  grooves  for  letting  down  a  screen  over  the  opening,  or  in 
case  of  necessity  a  steel  shutter  to  close  it.  Hoisting  apparatus  is  provided  in 
a  small  room  just  under  the  roadway.  Between  the  dam  and  the  power-house  is 
placed  a  balanced  valve. 

The  third  opening  is  near  the  north  end  of  the  dam ;  it  consists  of  three 
lines  of  5-ft.  cast-iron  pipes  passing  from  the  upstream  face  through  the 
masonry,  and  at  the  junction  of  the  masonry  and  the  natural  rock  converging 
into  a  9-ft.  diameter  concrete-lined  tunnel,  which  discharges  out  of  the  face  of 
the  cliff  some  100  ft.  below  the  dam. 
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Immediately  below  the  dam  is  the  125-ft.  by  38-ft.  power-house.  Quite 
extensive  and  varied  work  was  done  preliminary-  to  the  building-  of  the  dam, 
including-  extensive   road-making-. 

Owing-  to  the  scarcity  of  fuel  for  power  purposes  it  was  decided  to  build  a 
power  canal,  taking-  water  from  the  Salt  River  and  conveying-  it  191  miles  to 
dam  site,  where  a  drop  of  220  ft.  is  secured.  This  canal,  which  has  a  capacity 
of  225  cu.  ft.  per  second,  is  one  of  the  permanent  features  of  the  project, 
although  built  primarily  for  furnishing  power  to  build  the  dam.  It  comprises  a 
concrete  diversion  dam  450  ft.  long  across  Salt  River,  raising  tlie  water  6  ft. , 
concrete  headgates,  waste  gates,  culverts,  21  tunnels  aggregating  tAvo  miles  in 
length  and  all  concrete  lined ;  also  silt-settling  basins.      Owing  to  the  nature  of 


Reinforced  Concrete  Bridge  across  Spillwa> 
The  Roosevelt  Dam. 


the  materi.d  encountered  and  the  steep  side  hill,  it  was  necessary  to  line  with 
concrete  the  low<er  i^  miles  of  the  canal. 

From  the  lower  end  of  the  power  canal  a  7-ft.  diameter  penstock  tunnel 
dips  underneath  the  south  spillway  to  the  power-house ;  its  lower  half  is  riveted 
steel  backed  with  concrete,  the  upper  half  being  concrete  alone. 

The  contract  for  the  construction  of  the  dam  provided  that  the  Reclamation 
Service  should  furnish  the  cement,  and  tenders  were  received,  the  lowest  of 
which,  including  haul  to  the  work,  was  $4.89  per  barrel.  This  figure,  in  con- 
nection with  the  fact  that  good  cement  materials  existed  near  the  dam  site,  led 
to  the  erection  and  operation  of  a  cement  mill  by  the  Reclamation  Service. 
The  mill,  of  a  nominal  capacity  of  300  barrels  per  24  hours,  but  of  an  actual 
capacity  of  400  barrels,  was  in  operation  early  in  1905,  and  furnished  cement 
to   finish  up  the   power  canal.      It  was   a  dry   process   mill,   using  crude  oil  for 
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lucl.  TIic  oil  cost  $3.48  per  barrel  (jf  .\2  yal.,  delixcrcd  in  Rooscx  ell,  being- 
hauled  in  tank  wag'ons  60  miles  from  Mesa.  One  barrel  of  oil  burned  four 
l:»arrels  of  cement.  During-  the  five  years  the  mill  was  in  operation  it  turned 
out  about  j;oo,ooo  barrels  of  first-class  cement,  at  a  cost,  including"  plant  and 
office  charg-es,  of  about  $2  per  barrel  less  than  the  tender  above  mentioned,  thus 
amply  justifying  the  course  of  its  builders.  This  cost  would  have  been  even 
less  could  the  mill  have  been  operated  continuously  at  full  capacity. 

Two  2|-in.  diameter  Lidg-erwood  cableways  about  1,200  ft.  long^  span  the 
ri\er,  one  on  the  liiv,'  joining-  the  ends  of  the  dam,  the  other  about  85  ft.  up- 
stream from  the  first.  These  transfer  the  rock  from  the  quarries  at  cither  end 
to  the  derricks  on  the  dam,  and  also  the  concrete  and  mortar  from  the  mixing- 
planl.     The  mixing-  plant  was  situated  at  a  point  about  125  ft.  upstream  from  the 


iiuinforced  Concrete  Bridge  across  Spillway. 
The  Roosevelt  Dam. 


dam  on  the  soutli  side  of  the  river.  The  niixing-  plant  was  one  terminal  and  the 
cement  n-iill  was  the  other  of  a  Laschen  aerial  tramway  1,700  ft.  long^  for 
carrxing-  ccmei-it  and  sand  to  the  mixer.  Below  the  bins  was  a  Smith  mixer, 
niixing-  r^  cu.  yd.  of  concrete  per  batch;  two  batches  were  dumped  into  a 
3^-cu.  yd.  box  and  rolled  out  under  the  cableways. 

During-  1905  the  contractors  were  eng-ag-ed  in  estabiisliing-  canip,  getting 
in  and  erecting-  plant,  stripping-  quarries,  and  starting  works  for  diverting  tlie 
river.  The  contract  required  temporary  dams  above  and  below  the  excavation. 
The  contract  also  required  the  construction  of  a  flume  50  ft.  wide,  with  its 
botlorn  5  It.  below  the  top  of  the  dam,  for  the  purjiose  of  handling  a  higher 
slr.ge   of   the  river. 

When  the  contractor  was  well  aloiig  with  the  drixing-  of  piles  for  the  tem- 
porarv  works  there  occurred  one  of  the  largest  floods  in  the  history  of  the  river. 
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This  lu(jk;  out  cxcry  vestig-e  of  work  done  in  the  ri\er,  and  also  some  of  the 
machinery.  The  river  continued  so  hig-h  that  nothing  more  could  be  done  in 
the  bottom  for  some  months,  and  during  that  time  it  was  decided,  upon  the 
request  of  the  contractors,  to  eliminate  the  flume  altogether,  as  being  very 
difficult,  if  not  impossible,  to  build  in  such  a  manner  that  it  would  withstand 
flood.  In  other  words,  it  was  decided  to  proceed  on  the  basis  of  having  the 
pit  accessible  for  work  only  when  the  flow  of  the  river  was  less  than 
I ,  lOo  sec. -ft. 

During  March,  April  and  May  thev  worked  on  the  coffer-dams  and  on 
June  i_^th  di\erted  the  river  through  the  sluicing  tunnel;  for  the  next  three 
months  the  work  was  making  the  cofferdams  tight,  excavating  loose  material 
and  rock,  and  preparing  the  foundation. 

As  for  the  rock  found  m  the  bottom,  its  surface  corresponded  very  closely 
in  elevation  to  the  indications  of  the  preliminary  borings,  and  being  in  a  stream 
bed  where  the  process  of  erosion  was  very  active,  it  was  generally  sound, 
rendering  bui  a  small  amount  of  excavation  necessary. 

On  September  20th,  1906,  the  first  stone  was  laid  in  the  dam.  Prom  this 
time  on  to  December  2nd  progress  was  continuous,  i)ut  on  the  latter  date  a 
rtofjd  stopped  work,  practically  destroyed  the  cofferdams,  and  prevented  further 
work  till  the  following  spring. 

In  May,  1907,  repairs  to  cofferdam.^  were  completed,  the  river  again 
di\'erted  through  the  tunnel  and  excavation  started  in  the  pit,  which,  of  course, 
had  been  filled.  On  June  iSth  the  laying  of  masonry  was  resumed,  but,  on 
account  of  floods  similar  to  that  of  Julv  24th,  the  work  could  be  carried  on 
only  about  half  of  the  time  until  earlv  in  November.  The  months  of  November 
.'ind  December,  1907,  and  Januar\-,  190<S,  were  free  from  anv  interruptions,  and 
work    \\  as   prosecuted    vigorously. 

Tlie  masonry  was  first  built  for  the  upstream  third  oi  the  dam  and  carried 
across  the  ri^■er,  thus  cutting  off  all  leakage  from  the  upstream  side.  The 
masonry  for  the  downstream,  two-thirds  in  thickness,  was  then  built  across, 
beginning  on  the  scjuth  side  and  carrying  it  to  the  same  elevation. 

By  February  1st,  190S,  the  bottom  was  all  in.  All  danger  of  serious  inter- 
ruption from  floods  had  been  passed,  the  cofferdams  were  no  longer  required, 
and  no  more  pumping  was  necessary.  Preparations  were  being  made  to  instal 
the  gate.-,  and  operating  mechanism,  and  for  tliis  purpose  the  entrance  to  the 
sluicing  tunnel  was  blocked,  and  the  river  all  diverted  through  the  channel 
left  across  the  north  end  of  the  masonry.  Construction  went  on  in  the  mean- 
time on  the  south  two-thirds.  Early  in  June  the  work  on  the  gates  had  reached 
such  -a  point  that  the  river  was  again  sent  through  the  tunnel  and  work 
resumed  on  the  nortli  end  of  the  masonry. 

During  the  construction  of»  the  dam,  until  all  danger  from  floods  had 
passed,  the  north  end  of  the  masonry  was  kept  considerably  lower  than  the  rest, 
in  (jrder  that  Any  water  going  over  the  dam  would  not  interfere  with 
the  power-house.  In  j3ecember,  190S,  a  flood  came  along.  The  body 
of  water  falling  tore  out  some  rock  at  the  toe  of  the  dam.  Soundings, 
taken  after  the  water  stopped  flowing  over,  compared  with  two  lines  of  the 
original  borings,  gave  an  estimate  of  12,000  cu.  yd.  thus  taken  out.      This  was 
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principally  from  a  stratum  of  black  shale,  which  cut  across  the  river 
immediately  below  the  toe  of  the  dam,  and  was  more  easily  disintegrated  than 
the  rock  under  the  dam. 

Early  in  May,  1909,  an  opportunity  was  taken  to  close  the  tunnel  for  a 
day  and  look  at  the  gates.  Inspection  showed  that  the  four  or  five  months' 
discharge  of  the  river  through  the  tunnel,  at  heads  from  50  ft.  to  90  ft.,  had 
made  necessary  some  repairs  and  alterations  to  the  gates,  to  the  concrete  piers 
between  them,  and  to  the  tunnel  lining  immediately  below.  Not  to  enter  into 
too  much  detail,  it  may  be  said  that,  while  the  main  structure  of  the  gates  was 
not  threatened,  some  accessories  and  details  had  been  entirely  torn  out ;  the 
downstream  end  of  the  reinforced  concrete  piers  between  the  gates,  as  well  as 

much  of  the  concrete  lining  for  20  ft. 
or  so,  was  practically  demolished. 

Besides  alterations  and  repairs  to 
the  service  gates,  the  tunnel,  floor, 
sides  and  roof  for  a  distance  of  30  ft. 
from  the  gates  was  lined  with  heavy 
steel  plate  frequently  and  firmly 
anchored  to  the  rock  and  made  solid 
by  pumping  grout  in  behind  them. 
The  downstream  ends  of  the  piers  be- 
tween the  gates  were  rebuilt  and 
faced  in  the  same  manner,  the  side 
walls  of  the  piers  between  the  two 
sets  of  gates  having  been  originally 
constructed  of  heavy  castings.  Coin- 
cident with  these  repairs,  and  owing 
to  the  conditions  which  made  the  re- 
pairs necessary,  tunnel  2,  previously 
described  as  the  third  opening  through 
the  dam,  was  constructed. 

It   was   not   till   November,    1909, 
that  the  work  in  the  tunnel  was  com- 
pleted  so  that  the   reservoir   could   be 
pulled   down   to   allow  the  gap   in   the   masonry   to  be   closed.       Work   on   the 
remainder  of  the  dam  had  proceeded,  of  course,  during  the  season. 

During  May  and  June,  1910,  a  small  cofferdam  was  built  between  the 
power-house  and  the  pool  below  the  dam,  and  the  pool  pumped  out  for  the 
purpose  of  seeing  the  effect  of  the  flood  of  December,  1908,  and  making  repairs 
if  necessary.  Some  undercutting  of  the  masonry  was  done,  the  maximum 
being  about  4  ft.  The  masonry  was  perfectly  intact,  and  the  rock  underneath 
was  sound  and  tight,  no  water  coming  through  or  under  the  dam.  The  rock 
faces  left  \\  ere  worn  quite  smooth. 

Something  over  a  thousand  yards  of  masonry  was  built  in  the  form  of  a 
buttress  and  coming  up  several  feet  outside  the  toe  of  the  dam.  The  illustration 
on  page  S28  shows  the  dam  approaching  the  top,  with  the  stagings  erected  on 


Flood  of  December,  1908, 
The  Roosevelt  Dam. 
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the  steps  of  the  masonry  to  serve  as  landing-s  for  material  and  to  support  one 
angle  of  the  derricks.  It  also  shows  a  discharge  from  tunnel  2  on  the  occasion 
of  the  trial  operation  of  the  balanced  valves.  A  2-in.  pipe,  with  a  small  hole 
each  10  ft.,  conveys  water  under  gravity  from  the  power  canal  and  covers  the 
face  with  a  thin  film.  The  very  rapid  evaporation  in  this  country,  hardly  to 
be  appreciated  by  one  not  familiar  with  it,  should  keep  the  face  temperature  of 
the  masonry  many  degrees,  quite  possibly  75  deg. ,  below  what  it  would  other- 
wise reach,  which,  it  need  hardly  be  pointed  out,  is  a  consummation  devoutly  to 
be  wished.  Provision  is  being  made  to  pump  the  small  quantity  of  water 
necessary  to  keep  wet  the  top  of  the  dam  and  whatever  of  the  upstream  face 
may  be  exposed. 

The  illustration  in  our  frontispiece  shows  conditions  early  in  October,  1910,. 


Condition  of  Dam  on  June  30,  1908. 
The  Roosevelt  Dam. 


with  the  dam  practically  completed.  One  derrick  is  engaged  in  laying  the  road- 
way and  the  parapet  walls ;  the  bridge  at  the  right  is  completed,  except  for  the 
pipe  railing;  the  bridge  at  the  left  is  practically  as  far  advanced,  except  that  the 
forms  are  still  in  place.  There  remained  to  be  done  a  little  masonry  in  the  north 
wing  wall,  a  little  in  the  crests  of  the  waste  weir  across  each  spillway,  and  a 
small  amount  of  excavation  at  tlje  downstream  end  of  the  south  spillway. 

The  dam,  wing  walls  and  waste  weirs  complete  (not  including  bridges) 
contain  342,500  cu.  yd.  of  masonry,  and  barring  the  items  of  parapet  wall 
and  the  repairs  at  the  toe,  the  entire  mass  has  been  built  at  the  rate 
of  i3'2  cu.  yd.  for  each  hour  of  derrick  actually  engaged.  This  rate  per 
derrick-hour  includes  the  start  in  the  bottom  and  the  construction  of  the  thin 
part  at  the  top,  in  Vjoth  of  which  the  rate  was  much  below  the  average.      The 
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Hrst  263,000  cu.   yd.   wvvv  laid  at   ihe  rale  of   15';,  cu.  yd.  per  derrick-hour,  a->i 
the  rate  for  manv  months  was    ih  to   iS  eu.  \(1. 

Probably  this  rale  has  never  previously  been  attained  on  a  -imilar  structure. 
It  was  due  to  the  manner  of  laying  the  masonry,  the  xcrtical  joints  being-  filled 
with  quite  wet  concri'le,  largely  placed  by  dumping,  then  churned  and  spaded 
when  nectssarx  ,  an.d  spa.lls  thrown  in.  Compare  this  manner  anfl  rate  with  that 
of  some  other  masonrv  dams  ulnre  the  classic  method  j)re\ailed  of  lilling  the 
\ertical   joints  with  comp.ir.itively   stiff  mcM'tar  and  spalls  laboriously   laid  up  by 


Upstream  Face  of  the  Dam  on  November  1,  1909. 
The  Roosevelt  Dam. 

a  mason  with  a  trowel.  It  ma_\-  he  further  said  tliat  tlie  riew  method  results  in 
masonry  more  nearly  watertight  than  the  old. 

The  masonry  is  coniposed  ot  :  Mortar,  14  per  cent.  ;  concrete,  36  per  cent.  ; 
spalls,  10  per  cenl. ,  and  large  stone,  40  per  cent.  One  cu.  \-d.  of  masonry 
rec|uired,  on  an  a\erage,  '76  barrels  of  cement. 

]\Ir.  F.  H.  Xewell  is  director  of  the  United  States  Reclamation  Service; 
iMr,  Arthur  P.  lJa\is,  chief  engineer;  Mr.  Louis  C.  Hill,  supervising  engineer 
for  the  .South-West;  Mr.  F.  P.  Teichman  was  the  designing  engineer,  and  Mr. 
Chester  W'ason  Smith  was  the  constructing  engineer  on  the  Roosevelt  Dam. 
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Fire-Resisting  Slab 
Partitions  :     Their 
.^  V  j^v^v^—    Uses     in     Modern 
Buildings. 
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By  HAROLD  G.  HOLT,  A.R.I. B.A. 

In  our  January  number  lue  published  an  article  b;;)  Mr.  Holt  on  "  Fire-Resisting  Concrete." 
We  nozu  publish  an  article  on  "Fire-Resisting  Slab  Partitions,"  tvhich  should  be  of 
particular  interest  in  'uie'cv  of  the  increasing  attention  gi'ven  to  fire-resisting  constructon, — ED. 


I\  \  iew  of  the  rapidly  increasing-  use  of  \ari(jus  patent  partitions,  which  are 
claimed  to  be  "  fireproof,"  "  sound-proof,"  and  "  e\  erything--else  proof,"  some 
inquiry  into  the  various  uses  and  possible  uses  for  partitions  of  a  reliable 
character  will  be  of  interest. 

The  advantages  of  the  best  types  of  thin  tire-resisting-  partitions  are  well 
known  ;  the  requirements  of  such  types  of  partition  as  we  are  considering-  may 
be  brietly  summed  up  as  follows  : 

1.  Economy  of  space  ajid  materia] ;  ergo  economy  in  first  cost,  weig-ht, 
and  g-round  space. 

2.  Fire-resistatice  of  greater  or  less  character  according  to  nature  and 
thickness  of  partition. 

3.  Sauifiiyy  and  I'crniiri-proof  qualities. 

4.  No7i-coiidtictivity  of  sound,  heat,  and  cold. 

5.  Mohiliiv,    rapidity    of  erection,   and   drying. 

Provided  that  the  above  requirements  be  complied  with,  there  accrue  con- 
siderable ad\"antages  in  the  use  of  patent  partitions. 

The  architect  called  upon  to  select  a  partition  finds,  perhaps,  some  difli- 
cultv  in  the  matter  ;  the  adoption  of  any  particular  partition  in  a  building  of 
much  importance  is  a  matter  of  some  moment.  Many  manufacturers  claim 
the  above  special  advantag-es  for  their  owii  make,  and  the  great  demand  for 
])artitions  fulfilling-  these  requirements  has  led  to  numerou.-  varieties  being- 
placed  on  the  market,  some  of  which  do  not  by  any  means  come  up  to  standard. 

The  function  of  a  partition  is  to  separate  one  room  from  another,  or  to 
divide  -a  large  room  into  several  smaller  ones  ;  of  chief  importance,  apart  from 
question  of  cost,  is  therefore  the  fire  resistance  of  the  partition  adopted,  having 
due  reg;ard  to  the  fire  exposure  to  which  it  may  be  subjected.  There  is  no 
doubt  that  the  time  is  coming',  and  comings  rapidly,  when  such  undesirable 
features  as  wooden-studded  and  matchboarded  partitions,  along-  with  other 
Inflammable  material  in  floors  and  finishings,  will  be  thing's  of  the  past,  and  a 
contributing-  factor  to  this  is  the  increasing  cost  of  timber  suitable  for  building- 
purposes.  Xot  onlv  in  offices,  warehouses,  public  buildings,  and  institutions,  but 
even  in  small  domestic  houses  there  is  no  doubt  that  timber  construction  should 
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be,  and  will  be,  eliminated  as  far  as  possible.  In  certain  cases  wood  finishes 
and  trims,  such  as  wainscot  panelling:,  etc.,  will  continue  to  be  used  for 
esthetic  reasons  alone,  but,  granted  the  desirability  of  the  latter,  the  fact 
remains  that  such  trimmings  add  greatly  to  the  fire  hazard  of  any  room  in  which 
they  are  found.  Fire-resisting  construction  in  the  shape  of  well-protected 
skeleton  members,  floors,  and  so  forth,  has  reached  a  fairly  high  state  of 
perfection;  given  sufficient  funds  at  the  architect's  disposal,  buildings  can  now 
be  erected  which  will  successfully  .  resist  fierce  fire  for  many  hours  without 
serious  damage  to  the  integral  parts  of  the  structure. 

With  the  contents  of  the  building  the  case  is  different ;  these  are  nearly 
always  inflammable,  and  in  the  ordinary  type  of  modern  building  the  problem 
is  to  effectively  cut  up  the  fire  risk  into  numerous  small  compartments  in  which, 
though  the  contents  be  ablaze,   the  fire  is  yet  limited  to  a  comparatively  small 

area. 

Right  here  the  utilisation  of  fire-resisting  thin  concrete,  or  other  satisfac- 
tory partition,  becomes  essential.  Brick  walls  do  undoubtedly  form  the  most 
efficient  fire  stop  against  a  large  cubic  extent,  and  are  demanded  in  certain 
buildings,  and  in  a  reinforced  concrete  building  the  advantages  of  a  reinforced 
concrete  fire  stop  wall  will  in  some  cases  outweigh  those  of  thin  walls  consisting 
of  small  units.  In  every  other  case,  it  may  be  said,  special  fire-resisting  parti- 
tions are  necessary.      Such  may  be  classed  in  the  following  varieties  : 

1.  Concrete  slab,  reinforced  or  otherwise. 

2.  Plaster  slab,  do. 

3.  Porous  terra-cotta. 

4.  Porous  brick. 

5.  Metal  sheeting  and  plaster  or  concrete. 

The  first  four  consist  of  separate  slab  or  block  units,  built  up  with  mortar 
joints  ;  the  latter  consists  of  a  more  or  less  homogeneous  mass  built  round  the 
metal,  which  is  first  erected.  I  propose  to  deal  chiefly  with  the  first  four  kinds. 
For  purposes  of  determining  the  value  of  such  partitions  for  fire  resistance  the 
following  standard  has  been  arrived  at,  and  the  official  tests  of  the  British  Fire 
Prevention  Committee  show  the  standard  fire  resistance  of  the  various  partitions 
tested. 
Standard  Table  for  Fire-Resisting   Partitions  with  or  without  Frames. 


Classification 

Sub-Class 

Duration 
of  Test 

Minimum 
Tempera- 
ture 

Thickness  of 
Material 

Minimum 
Superficial 
Area  under    . 
Test 

Minimum 

Time  for 

Application  of 

Water  under 

Pressure 

Class 

Mins. 

Degs.  Fahr. 

sq.  ft. 

Mins. 

Temporary    f 

A 

45 

1,500 

2  in.  and  under 

80 

2 

Protection  i 

B 

60 

1,500 

optional 

80 

2 

Partial           ( 

A 

90 

1,800 

2i-  in.  and  under 

80 

2 

Protection  ' 

B 

120 

1,800 

optional 

80 

2 

Full                ! 

A 

150 

1,800 

2'k  in.  and  under 

80 

2 

Protection  [ 

B 

240 

1,800 

optional 

80 

5 

Several  interesting  and  instructive  tests  have  been  conducted  b\   the  British 
Fire    Prevention    Committee    on    partitions    erected    by    various    makers,    some 
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account  of  which  is  given  below.  It  should  be  noted  that  the  Committee, 
recognising-  that  special  care  in  erection  is  often  given  in  the  test  cases,  conduct 
the  latter  under  circumstances  which  they  consider  somewhat  more  severe  than 
would  obtain  in  actual  fires,  so  that  the  results  approximate  to  conditions  of 
actual  practice. 

One  of  the  earlier  tests  was  conducted  on  a  partition  form  with  "  Kulm  " 
Partition  Slabs,  erected  by  Messrs.  H.  W.  CuUum  &  Co.,  London,  with  a  view 
to  obtaining  classification  as  "  Partial  Protection,"  Class  B.  The  slabs  used 
in  this  test  were  21  in.  long  by  iif  in.  by  2f  in.,  weighing  14  lb.  per  sq.  ft., 
and  having  horizontal  semi-circular  tongues  and  grooves,  and  square  vertical 
joints.  The  material  of  which  they  were  composed  consisted  of  pumice  stone, 
volcanic  sand,  and  Portland  cement ;  the  joints  were  bonded  and  made  in 
plaster  of  Paris  and  fire-clay  i  to  i,  and  the  partition  was  plastered  on  the 
exposed  side  with  plaster  composed  of  fire-clay,  plaster  of  Paris,  and  sand, 
averaging  |  in.  thick.  On  the  unexposed  side  the  joints  were  merely  brushed 
over  with  a  wash  of  plaster  of  Paris,  sand,  and  fire-clay,  no  plastering  being 
applied;  the  total  thickness  of  the  partition  was  therefore  ^h  ^^-y  '^^  ^^^  built 
across  the  Committee's  Hut  No.  2,  10  ft.  wide,  and  was  9  ft.  in  height,  the 
area  tested  thus  being  90  ft.  super.  The  time  allowed  for  drying  was 
twelve  days,  the  partition  was  erected  on  July  14th,  15th,  and  i6th,  and  tested 
on  July  28th,  1904;  coke  fires  for  drying  purposes  were  lighted  on  July  25th 
and  kept  burning  till  the  27th.  Readings  taken  at  two  points  during  the  test, 
which  lasted  for  two  hours,  showed  that  temperatures  ranged  on  the  fire  side 
of  the  partition  from  845°  F.  to  2,010°  F.  at  the  end  of  the  test,  a  temperature 
of  1,800°  F.  being  attained  at  the  end  of  70  minutes.  Water  application  for 
two  minutes  ensued.  As  a  result  of  the  test  the  partition  showed  several  hori- 
zontal and  ^'ertical  cracks  and  about  one-fourth  of  the  plastering  was  waslicd  off 
by  water ;  the  surface  of  the  slabs  where  this  occurred  was  eroded  for  about  J  in. 
Generally,  the  partition  stood  up  well  and  showed  that  such  a  construction  would 
serve  as  an  efficient  fire  stop  under  similar  circumstances,  but  would  have  to 
be  renewed  afterwards ;  this  is  quite  as  much  as  can  be  expected  of  any 
material  or  system  of  construction  .exposed  to  such  high  temperatures  for  the 
same  period  of  time  ;  in  fact,  all  experience  of  fierce  fires  lead  inevitably  to  the 
conclusion  that  the  most  logical  method  of  effecting  the  fire  resistance  of  any 
structural  member  is  to  afTord  it  protection  for  as  long  a  time  as  possible — 
sufficient  to  allow  either  of  the  burning  out  of  the  fire  or  its  extinction  by 
various  methods — by  a  "  secondary  "  protection  which  is  capable  of  withstand- 
ing the  combined  effects  of  fire  and  water  for  such  a  period,  but  which,  in  itself, 
will  .be  probably  so  much  affected  that  it  will  require  renewal  in  order  to  again 
give  the  requisite  protection  to  its  relative  member.  Especially  will  the  latter 
be  the  case  if  water  under  pressure  be  brought  to  bear  upon  it  during  the 
course  of  the  fire  extinction. 

That  such  renewal  should  be  capable  of  being  effected  in  the  easiest  pos- 
sible manner  and  without  any  damage  to  the  integral  portion  of  the  structure 
goes  without  saying. 

Another  partition  tested  on  July  28th,  1904,  was  constructed  of  Bninck- 
horst  Partition  Slabs,  erected  by  Messrs.   H.   Gust  &  Co.,   London.      This  was 
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also  witli  a  \  icw  to  oiilaining-  classification  as  "  Partial  Protection."  The 
partition  was  formed  with  slabs  composed  of  plaster  of  i'aris  and  coke  breeze 
in  equal  proportions,  each  slab  12  in.  hi^h,  2}  in.  thick,  having  lengths  vary- 
ing- frorr  10  in.  to  2  ft.,  and  with  verticai  and  horizontal  joints  gro(j\e(l  antl 
serrated.  The  weight  was  So  lb.  per  '.q.  yard.  In.  the  ctntrc  of  the  joints 
both  \-ertical  and  hoiizontal  iron  wires,  i\  in.  diameter,  were  placed,  the  former 
were  secured  to  hooks  in  the  walls  of  the  testing"  chamber,  whilst  the  latter 
were  twisted  over  them  in  double  thickness.  All  joints  were  pointed  up  with 
plaster  of  Paris  and  coke  dust  in  equal  parts,  and  the  exposed  side  of  the 
partition  was  plastered  with  the  same  mixture,  average  }  in.  thick,  and  a 
wash  of  the  plaster  mixture  was  applied  to  the  unexposed  face. 

The  partition  was  erected  on  June  29th  and  30th,  and  a  drying  coke  fire 
was  lighted  on  July  25th  and  kept  burning  until  the  28th,  the  day  of  the  test. 
The  test  was  for  90  minutes  with  temperatures  ranging  from  1,180*^  F.  to 
1,800°  F.  on  the  fire  side,  and  not  more  than  126°  V.  on  the  unexposed  side. 
Water  at  40  lb.  per  sq.  in.  pressure  was  turned  on  the  fire  side  for  two  minutes 
after  the  gas  was  turned  off.  .Several  vertical  and  horizontal  cracks  appeared 
in  the  partition  during  test  on  the  unexposed  side,  the  plastering  was  badly 
cracked  at  the  end  of  one  hour,  and  flaking  off  of  the  plaster  was  general  over 
the  face  of  the  partition  ;  on  the  application  of  water  part  of  the  surface  of  the 
slabs  was  washed  off  and  a  hole,  6  in.  by  3  in.,  was  made  through  the  partition 
at  one  of  the  joints.  Observations  made  seven  days  after  the  test  showed  that 
the  unexposed  face  remained  unchanged  since  test,  the  exposed  face  of  the 
slabs  not  eroded  by  water  were  intact  ;  the  wiring  was  exposed  in  places. 
Neither  fire  nor  smoke  passed  through  the  partition. 

A  further  test  on  concrete  thin  partitions  was  that  conducted  on  a  parti- 
tion of  Phnenix  Fire-Resisting  Slabs,  erected  by  Messrs.  \'an  der  ^'}gh  Bros., 
Aniisterdam  and  London.  In  this  test  the  slabs  used  were  composed  of  pumice 
stone  20  parts,  slag  sand  10  parts,  hydraulic  lime  18  parts,  tan  (spent  or 
unspent)  12  parts,  plaster  of  Paris  20  parts,  water  20  parts. 

The  slabs  measured  from  i  ft.  3  in.  to  3  ft.  ii4  in.  in  length,  11  in.  in 
height,  and  2 J  in.  in  thickness,  and  had  two  vertical  grooxes  sawn  out  at  each 
end  for  jointing,  and  also  grooves  running  diagonally  across  the  horizontal 
edges.  During  erection  wood  slips  were  used  to  keep  the  slabs  apart  half  an 
inch;  these  were  subsequently  removed  and  iron  pins,  11  in.  to  12  in.  long, 
7%  in.  diameter,  spaced  16  in.  apart,  were  used  to  secure  the  courses  together. 
Three  days,  June  12th  to  14th,  1903,  were  occupied  in  finishing  the  partition, 
the  joints  were  filled  in  w  ith  one  part  of  Pcvrtland  cement  to  three  parts  of  srmd, 
the  inside  face  of  partition  was  plastered  one  coat  coarse  stuft  of  one  part 
cement  to  four  parts  sand,  and  setting  coat  applied  afterwards,  composed  of 
one  part  cement  to  three  parts  sand.  The  outer  face  of  partition  was  plas- 
tered one  part  cement  to  five  parts  sand.  Both  faces  of  the  partition  slabs  were 
keyed  for  plaster.  The  total  thickness  of  the  finished  partition  was  3^  in.,  h  in. 
plaster  on  exposed  face,  and  ^  in.  plaster  on  unexposed  face.  On  July  1st  a 
coke  drying  fire  was  lighted  and  kept  in  until  the  morning  of  July  8th,  1903,  the 
day  of  the  test.  This  was  for  75  minutes,  followed  by  two  minutes'  water 
application  at  40  lb.  pressure.      Temperatures  from  995°  F.   to  1,940°  F".   were 

832 


f^l^^fu™^  FIRE-RESISTING   SLAB  PARTITIONS. 

observed  on  the  fii  e  side  ;  the  maximum  temperature  on  the  outside  face  did  not 
exceed  125°  F.  at  any  time.  The  effect  of  the  test  was  that  the  setting  coat 
of  plaster  on  fire  side  remained  in  position,  but  part  of  the  rendering-  on  fire 
side  was  struck  off  by  water.  Cracks  following  the  joints  were  the  only  effects 
observed  on  the  unexposed  face,  but  the  plastering  on  the  inner  face  was  greatly- 
washed  off"  by  water  and  the  remainder  disintegrated.  Face  of  slabs  on  fire 
side  was  disintegrated  and  sodden  by  water.  Xo  fire  passed  through  the 
partition.      The  area  tested  was  87-5  ft.  super. 

Referring  to  the  second  type  of  partition— /.t'.,  plaster  slab  partitions — 
we  find  a  test  on  the  "Mack  "  Patent  Slabs,  by  Messrs.  J.  A.  King  &  Co., 
London.  These  slabs  are  formed  in  a  somewhat  similar  manner  to  the  old 
"  plaster  floors  "  with  which  I  have  met  in  the  Midlands  and  which  will  be  no 
doubt  famihar  to  some  of  my  readers  who  have  had  to  deal  with  old  buildings 
there.  Such  floors  were  generally  constructed  between  stout  oak  joists,  and 
consisted  of  thick  plaster  in  which  reeds  and  rushes  were  embedded— -interesting 
as  an  early  attempt  at  fire  resistance. 

The  "  Mack  "  slabs  used  in  the  test  by  the  British  Fire  Prevention  Com- 
mittee were  made  of  plaster,  cocoanut  fibre,  cork  dust,  and  thirty  to  forty 
reeds   running   horizontally   along   the   length   of   the    slab,    which   varied   from 

1  ft.  6  in.  to  4  ft.  lo-i  in.  ;  the  slabs  were  2§  in.  thick  and  10  in.  in  height. 

\'ertical  \'  joints  were  sawn  out  of  the  slab  ends  ;  the  slabs  were  con\"ex 
shaped  on  top  and  concave  at  the  bottom,  somewhat  similarly  lo  the  "  book- 
tile  "  used  in  American  buildings.  One  face  of  the  slabs  was  keyed  for  plaster, 
two  coats  of  which  were  applied  to  the  inside  face,  i  in.  thick  ;  one  coat  only 
was  applied  to  the  unexposed  face,  J  in.  thick;  total  thickness  of  partition,  3^  in. 
The  vertical  double  \'  joints  were  grouted  with,  and  the  slab  courses  set  with, 
mortar  composed  of  plaster  of  Pans  2,  lime  i,  and  sand  2  parts. 

The  test  was  undertaken  on  May  23rd,  igoo,  the  construction  of  partition 
having  commenced  on  May  ist.  The  maximum  temperature  during  test  was 
2,050°  F.,  the  heat  test  lasted  for  i  hour  10  minutes,  and  water  application  for 

2  m/mutes  at  20  lb.  pressure  followed.  Fire  did  not  pass  through  the  partition, 
which  remained  co^mplete  ;  the  plastering  on  the  exposed  side  was  cracked  and 
disintegrated  and  a  portion  fell  off  on  the  water  application.  Examination  after 
test  showed  that  the  exposed  face  of  slabs  was  disintegrated  for  a  depth  of 
about  f  in.  and  the  inner  row  of  reeds  was  charred. 

A  Porous  Tcrra-cotta  IIoUo'cV  Tile  Partition  was  tested  by  the  British  Fire 
Pre\'ention  Committee  on  August  i6th,  1905.  This  was  formed  of  2^  in.  tiles, 
erected  by  the  National  Fireproofing  Co.,  Pittsburg,  U.S.A.  The  latter  are 
large  American  manufacturers  of  hollow  tiles  for  partition,  floor,  roof,  and 
column  construction.  The  terra-cotta  is  made  from  various  clays  mixed  with 
sawdust  and  burnt  at  high  temperature,  the  sawdust  being  consumed,  thus 
giving  the  required  degree  of  porosity.  The  partition  in  question  was  built  of 
tiles  12  in.  by  12  in.,  average  25  in.  thick,  with  both  faces  ridged  for  plaster, 
and  with  tnree  through  vertical  perforations  divided  by  webs  forming  the 
hollow  portions.  The  weight  of  each  tile  was  12  lb.  to  12 J  lb.  Including 
plaster,  the  total  thickness  was  2j  in.  The  total  duration  of  test  was  153 
minutes,     including     2     minutes'     water     application;     maximum     temperature 
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attained,  1,980°  F.  on  fire  side;  size  of  partition,  10  ft.  wide,  H  ft.  10  in.  liii^h. 
The  effect  of  test  was  as  follows  :  Fire,  smoke,  and  water  did  not  pass  throujfh 
the  partition,  which  remained  in  position,  but  bulged  towards  the  fire  ;  maxi- 
mum bulge  at  centre  was  2^  in.,  reduced  to  2  in.  at  conclusion  of  test.  Most 
of  the  plaster  was  washed  away  by  water,  and  several  cracks  appeared  in  the 
face  of  partition ;  the  face  of  one  tile  was  split  off. 

An  interesting  test  on  a  porous  brick  partition  was  conducted  on  May  4th, 
1904.  This  was  on  a  partition  formed  with  Jahez  Thompson's  Patent 
"  Terrawode  "  Brickwood,  erected  by  Jabez  Thompson,  Northwich,  Cheshire. 
This  was  a  thicker  partition  than  any  of  the  preceding  ones,  and  the  duration 
of  test  was  for  a  longer  period — viz.,  240  minutes.  The  blocks  approximate 
to  the  size  of  an  ordinary  brick,  and  are  9  in.  by  4I  in.  by  3  in.  deep.  The 
partition  tested  was  4!  in.  thick,  unplastered,  and  pointed  fair  face  on  fire  side. 
The  bricks  have  two  slots  on  one  face,  and  this  face  was  away  from  the  fire 
side  ;  there  is  one  slot  in  the  end  of  eack  brick  for  the  joint.  The  partition 
tested  was  10  ft.  wide  and  9  ft.  ih  in.  high.  Maximum  temperature  during  test 
was  2,140°  F.  ;  water  application  for  5  minutes  at  55  lb.  pressure  followed  the 
fire  test.  Results  :  Fire  did  not  pass  through  partition  ;  maximum  temperature 
recorded  on  unexposed  side,  230°  F.  ;  no  effect  caused  by  water  application 
except  flaking  off  face  of  five  bricks;  the  partition  buckled  if  in.  at  the  maxi- 
mum, the  curving  being  regular  from  all  edges  to  the  centre ;  several  fine  cracks 
appeared,  and  the  mortar  was  slightly  vitrified  on  the  surface,  as  well  as  several 
of  the  bricks. 

Enough  has  been  said  to  show  that  partitions  of  the  various  kinds 
mentioned  are  successful  in  resisting  fire  for  a  considerable  time — sufficient,  in 
fact,  to  enable  the  contents  of  any  ordinary  room  to  burn  out  without  destroying 
the  partition.  The  use  of  such  slabs  and  blocks  does  not  by  any  means  end  with 
internal  division  walls,  though  they  are  chiefly  designed  for  that  use,  and  there 
are  a  few  points  to  which  I  desire  to  draw  attention  regarding  this.  Firstly, 
with  respect  to  the  general  fire  protection  of  buildings,  it  must  be  borne  in 
mind  that  all  openings  in  division  walls  must  be  of  equal  fire  resistance  to  that 
of  the  partitions  if  the  latter  are  to  be  of  full  service.  A  common  form  of 
door  opening  in  thin  partitions  is  that  in  which  a  rebated  wooden  door-frame 
is  used,  the  back  edge  of  which  is  grooved  to  receive  the  partition  slabs  and 
plaster,  the  outer  face  of  the  frame  forming  a  kind  of  architrave  ;  a  wooden, 
panelled  door  is  usually  hung  to  these. 

Of  course,  the  fire  resistance  of  such  door,  if  framed  up  of  pjne,  say,  is 
of  little  value ;  and  unless  the  whole  of  the  woodwork  be  of  oak,  teak,  or  other 
fairly  fire-resisting  hardwood  at  least  if  in.  thick  at  least,  the  value  of  the  fire- 
resistance  of  the  partition  is  practically  lost.  Again,  any  borrowed  lights  to 
corridors,  etc.,  should  have  fire-resisting  glazing  in  fire-resisting  frame  of  iron 
or  hardwood.  Doors  and  trim  of  stamped  steel,  such  as  are  used  in  American 
oflfice  building,  will,  no  doubt,  take  the  place  of  wooden  doors  in  important 
public  and  commercial  buildings  here  ;  thin  doors  of  concrete  specially  mixed 
with  a  view  to  fire  resistance  will  also,  no  doubt,  be  used  in  the  near  future  ; 
and  partition  makers  will  have  to  adapt  themselves  to  such  changes.  A  small 
point,  but  one  to  which  it  would  be  worth  while  to  pay  attention,  is  the  use  of 
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partitions  in  such  positions  as  w.c.  and  lavatory  divisions  where  they  run  into 
a  window  mulHon,  one  three-hg-ht  window,  say,  serving-  three  w.c. 's.  In 
modern  buildings  of  Renaissance  or  Classic  design  such  a  subterfug^e  is  often 
necessary  in  order  that  the  fenestration  be  not  interfered  with.  A  partition 
having-  special  end  blocks  tapering-  to  i-^  in  in  width  would  often  prove  a  boon 
to  architects  who  have  to  put  in  wider  mullions  than  they  desire  to  cover  the 
width  of  partition  behind.  Light  roofs  may  be  well  constructed  with  concrete  or 
plaster  partition  blocks  g-iven  an  outside  weather  covering.  A  g-ood  field  is 
•offered  by  the  use  of  partitions  for  the  economical  construction  of  small  factory 
and  warehouse  roofs,  particularly  of  the  one-storey  shed  type.  Especially  is 
slab  construction  suited  to  covering-  lig-ht  steel  roofs  which  require  exterior 
and  interior  protection.  The  "southern"  slope  of  north  Hg-ht  or  saw-tooth 
roofs  may  be  very  suitably  built  with  lig-ht  concrete  or  other  fire-resisting 
slabs,  and,  provided  that  fire-resisting  glazing  be  used  in  the  skylight  area, 
the  result  is  highly  satisfactory  from  a  fire-preventive  standpoint ;  such  roofs 
are  often  constructed  of  timber,  slates,  and  plastered  below,  and  are  particu- 
larly liable  to  take  fire  from  sparks  from  locomotives,  burning  timber,  and 
sparks  from  higher  buildings,  etc.  This  shed  type  of  roof  is  now  often 
economically  constructed  on  the  "  warren  girder  "  principle,  leaving  the  top 
steel  boom  exposed  and  the  intermediate  braces  following  the  roof  outline. 
This  gives  a  tremendous  uninterrupted  floor  area,  since  very  few  columns 
are  required.  The  protection  of  the  exposed  boom  from  fire  and  weather  can 
T>e  easily  effected  \\ith  slabs  and  concrete  covered  with  cement  or  asplialte. 
Roofs  of  projecting  shopfronts  must  be  constructed  of  fire-resisting 
material  under  the  London  Building  Act,  and  slab  fire-resisting  work  is  here 
again  very  suitable.  Many  roofs  are  erected  in  .America  with  terra-cottta  tiles 
on  this  principle,  and  they  are  capable  of  receiving  a  variety  of  finishes,  both 
weatherproof  and  fire  resisting.  For  the  additional  fire  protection  of  existing 
buildings  much  may  be  accomplished  by  the  judicious  introduction  of  fire- 
resisting  slab  partitions,  particularly  in  view  of  cutting  off  such  hazards  as 
staircases,  hoist  wells,  chutes,  etc.  Wooden  floors  may  be  afforded  protection 
on  the  underside,  which  is  subject  to  the  greatest  heat  during  fire,  by  means  of 
special  shaped  blocks  fitted  to  the  joists  and  carrying  slabs  of  fire-resisting 
material ;  pugging  with  slag  wool  or  similar  material  would  add  to  the  fire 
resistance.  Staircase  bulkheads  and  bulkheads  over  basement  windows  in  ware- 
liouses  and  shop  stallboards  are  all  danger  points  from  fire  hazard  passing 
from  one  floor  to  another,  and  fire-resisting  partition  blocks  offer  a  ready  means 
of  constructing  such  details  in  a  satisfactory  manner. 

-Exterior  walls  may  in  many  instances  be  economically  constructed  with  a 
light  steel  framework  carrying  the  main  floor  and  roof  loads  fitted  round  with 
fire-resisting  slabs.  The  garden  city  movement  oft'ers  a  good  field  for  the 
ingenuity  of  partition  imakers  in  the  construction  of  cheap  cottages  which  may 
be  finished  externally  with  rough-cast.  In  very  damp  situations  such  would  be 
unsuitable,  but  in  the  South  and  Midlands  many  small  houses  and  cottages  have 
been  built  on  these  lines  and  offer  good  insulation  against  heat  and  cold. 
Buildings  of  a  temporary  nature,  such  as  exhibition  buildings,  cinema  theatres, 
etc.,  may  be  very  cheaply  built  of  slab  and  steel  construction,   and  offer  great 
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advantage  in  the  way  of  fire  resistance  as  compared  with  wooden  erections  and 
the  corrugated  iron  eyesore. 

Signs  are  not  wanting  that  the  Board  of  Education  are  desirous  of  reducing 
the  cost  of  school  buildings,  a  Departmental  Committee  of  that  Board  having 
made  an  inquiry  into  the  same.  Xo  very  definite  steps  appear  to  have  been 
taken  as  yet,  but  among  other  forms  the  following  were  suggested  as  pointing 
to  a  more  economical  and  temporar}-  t}  pe  of  building  which  would  allow  of  thv 
alteration  or  rebuilding  of  schools  to  meet  the  ever-varying  educational  requirv- 
ments  without  the  excessive  waste  that  at  present  obtains  :  — 

Buildings  of  reinforced  concrete  or  of  concrete  and  steel.  Steel-frame 
buildings  with  (a)  thin  walls  of  concrete,  [h)  hollow  concrete  slafjs,  (c)  hollow 
or  solid  brick,  (d)  various  patented  materials  of  terra-cotta  tile  form,  [e)  hollow 
walls  of  metal  lathing  and  cement  mortar.  Timber  frame  buildings  cased  with 
slabs. 

In  America  several  large  season  hotels  ha\e  I^een  built  of  steel  frames  with 
exterior  walls  of  terra-cotta  tile;  also  hospitals  on  the  same  lin-js.  Sma'I 
hospitals  and  sanatoria  for  consumptives  will,  no  doubt,  in  future  be  built  in 
this  country  on  the  lines  mentioned  in  regard  to  school  buildings.  A  good  deal 
might  be  said  w^ith  regard  to  future  developments  in  steel  frame  and  slab 
construction  in  regard  to  such  erections  as  aeroplane  and  airship  garages  and 
workshops,  etc.  ;  but  such  would  lead  into  somewhat  speculative  spheres,  and 
enough  has  been  said  to  point  out  some  of  the  lines  on  which  advancement  in 
fire-resisting  slab  construction  may  take  place  in  the  immediate  future. 
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RAILWAY  BRIDGE  AT   RIXTON  FUR  THE 
MANCHESTER  SHIP  CANAL  CO. 

We  present  beloiv  some  interesting  particaUrs  regarding  a  'Reinforced  Concrete  Railivay 
Bridge  for  the  Manchester  Ship  Canal  Co. — ED. 


The  reinforced  concrete  bridge  erected  at  Rixton  Junction  at  the  point  where 
the  River  Mersey  leaves  the  Manchester  Ship  Canal  was  constructed  to  replace 
an  old  timber  bridge.  It  consists  of  eight  35-ft.  spans.  The  main  beams  are 
supported  on  nine  trestles.  A  navigation  span  for  trafhc  is  provided  near  the 
centre  with  a  headway  of  19  ft.  2  in.  above  ordinary  water  level. 

The  ri\er  bottom  at  the  site  of  the  bridge  consists  of  fine  sand,  and,  trom 
bore  holes  put  down  at  each  side  of  the  river,  sand  was  still  t(jund  at  50  ft.  l)elow 
the  ordinary  water  level  in  the  river. 

Each  trestle  is  supported  on  four  reinforced  concrete  piles,  14  in.  by  14  in., 
driven  to  a  depth  of  12  ft.  below  the  bottom  of  the  ri\er. 

The  piles  were  moulded  with  steel  tubes  for  the  application  of  water  jets  to 
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assist  in  driving,  also  for  the  purpose  of  forcing  cement  grout  into  the  sand  to 
form  a  base  after  the  pile  had  been  driven  to  the  required  depth. 

The  specification  proxicUd 
for  15  cwt.  of  cement  in  the 
form  of  grout  to  be  forced 
down  each  pile.  This  was  suc- 
cessfully accomplished,  the 
pressure  required  for  the  pur- 
pose being  80  pounds  per 
sq.  in. 

The  heads  of  the  piles 
were  amalgamated  into  con- 
crete cross  beams  18  in.  by 
14  in.  Each  cross  beam  is  rein- 
forced with  eight  i;j-in.  rods. 
The  cross  beams  also  form  the 
bottom  member  of  the  A  frame 
or  trestles.  The  vertical  mem- 
bers of  the  trestles  are  formed 
of  concrete  14  in.  by  14  in., 
reinforced  with  four  lA-in. 
diameter  rods.  The  transverse 
members  or  centre  ties  of  the 
trestles  are  formed  of  concrete 
14  in.  by  12  in.,  reinforced  with 
four  |-in.  diameter  rods.  The 
top  members  of  the  trestles  are 
formed  of  concrete  14  in.  by 
12  in.,  reinforced  with  four 
f-in.  diameter  rods.  The 
trestles  are  braced  together  by 
concrete  longitudinal  ties  20  in. 
by  12  in.,  reinforced  with  four 
i|-in.  diameter  rods.  A  gang- 
way for  bargemen  is  provided 
at  the  east  side  of  the  bridge. 
This  gangway  is  supported  on 
the  longitudinal  bracing.  The 
gangway  is  formed  of  concrete 
3  in.  thick  reinforced  with  a  4  in. 
by  2  in.  wire  mesh  composed  of 
No.  10  I.S.W.G.  wires. 

The  main  beams  are  of 
the  ordinary  type  3  ft.  li  in. 
deep,  reinforced  at  the  bottom 
with  twelve  nV-in.  diameter 
rods  and  at  the  top  with  six 
lA-in.  diameter  rods. 

The  bridge  is  a  series  of  independent  spans.      Each  trestle  is  provided  with 
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machined  bearing-  plates  embedded  in  the  concrete  at  the  top  on  which  the  maiir 
beams  rest.  The  main  beams  are  also  provided  with  bearing  plates  at  eaclr 
end.  An  expansion  joint  is  form.ed  over  each  trestle.  The  spaces  between  the 
main  beams  which  form  the  expansion  joints  are  filled  with  asphalte. 

The  deck  is  a  concrete  slab,  average  thickness  8  in.,  cambered  for  drainage 
purposes.  The  slab  is  reinforced  with  ire-in.  diameter  rods  4  in.  pitch  trans- 
versely and  No.  2  I.S.W.G.  wires  12  in.  pitch  longitudinally. 

The  rail  baulks  are  secured  to  the  concrete  slab  by  hook  bolts  embedded  ia 
the  concrete,  and  a  layer  of  asphalte  is  laid  over  the  concrete  immediately  under 
the  rail  baulks  on  which  they  are  bedded. 

The  bridge  is  provided  with  hand-railing  both  for  the  gangway  for  barge- 
men and  for  the  deck  of  the  bridge.  It  is  of  a  cheap  design  and  effective  for 
the  purpose.  The  lower  part  of  each  stanchion  is  a  steel  rod  lii-in.  diameter. 
The  upper  part  consists  of  steel  cross  and  tee  pieces.     The  longitudinal  rails  are 
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Reinforced  Concrete  Railway  Bridge  at  Rixton  for  the  Manchester  Ship  Canal  Co. 

steel  pipes  ij-in.  internal  diameter,  which  are  passed  through  the  cross  and 
tee  pieces. 

The  bridge  was  first  tested  by  a  locomoti\e  with  a  train  of  railway  trucks 
loaded  with  gravel.      The  weight  of  each  truck  was  about  16  tons  gross. 

For  the  second  test  a  load  consisting  of  three  locomotives  weighing  30, 
26,  and  24  tons  respectively,  representing  a  load  of  i'6  tons  per  ft.  run,  were 
run'  over  the  bridge.  The  locomotives  were  run  as  rapidly  as  possible. 
Deflectometers  were  set  under  each  trestle  supported  on  a  stage  which  rested 
on  the  bed  of  the  river  and  w^re  free  from  the  bridge.  The  main  beams  were 
also  tested,  the  deflectometers  being  carried  on  the  lower  beams  or  ties  of  the 
bridge. 

The  permanent  settlement  of  the  trestles  due  to  the  testing  of  the  bridge 
was  not  more  than  4/10  mms.  The  deflection  of  the  beams  due  to  the  loco- 
motive and  the  train  of  railway  trucks  passing  over  did  not  exceed  i"4  mms. 
when  the  locomotive  was  passing  over  the  instrument,  and  i  mm.  when  the 
trucks   were  passing   over.      The  instrument   returned   to   zero   when   the   loads 
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had  passed  o\cr.      The  deflection  shown  b\    ihe  instrument  when  the  three  loco- 
motives were  run  over  was  the  same  as  that  given  ab:j\"e. 

The  settlement  of  the  trestles  under  the  above  li\'e  loads  was  2/10  mms. 
Wlu'n  the  loads  were  remo\ed  the  trestles  returned  to  the  original  level. 


The  bridg-e  was  designed  for  a  locomoti\e  of  45  tons  on  six  wheels  with  a 
13-ft.  wheel-base.  The  dead  load  was  calculated  as  i"i4  tons  per  ft.  run  and 
the  moving-  load  equal  to  a  distributed  load  of  2'2^  tons  per  ft.  run.  The  load 
sustained  by  each  pile  is  30  tons. 

The  working'  stresses  are  as  follows  :  concrete  in  compression,  500  lb.   per 
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sq.    in.;    steel    in   tension,    15,000    lb.    per    sq.    in.;    and    steel    in    compression, 
15  times  the  stress  in  the  surrounding  concrete. 

The  bridge  was  designed  by  the  late  Mr.    Hubert  Cong-reve,   M.Inst.C.E., 
Chief   Eng-ineer  to   the   Manchester   Ship  Canal   Co.,   and  completed   under   thtr 


direction  of  the  present  Chief  Engineer,  Mr.  H.  A.  Reed,  M.Inst.C.E.  The 
contractors  for  the  construction  of  the  bridge  were  the  Liverpool  Ferro  Concrete 
Contracting  Co.  The  Resident  Engineer  of  this  section  of  the  canal,  Mr.  M.  B. 
Lewis,  had  charge  of  the  work. 
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RECENT  VIEWS  ON  | 
I  CONCRETE  AND  REIN.  | 
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RECENT  PAPERS  &  DISCUSSIONS. 


It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  a'vailable  for  reference  purposes^ 

The  method "we  are  adopting,  of  dividing  the  subjects  into  sections,  is,  "we  believe,  a 
new  departure. — ED. 

CONCRETE  IN  SEWER  CONSTRUCTION. 

By  W.  J.  BAIRD.  B.A.,  Sc. 


The  following  is  an  abstract  of  an   article   by   Mr.    W.   J.    Baird,    B.A.,   Sc.   ivritien 

for  the  Canadian  journal  "  Applied  Science." 
The  superior  qualities  of  concrete  as  a  structural  material  are  being  more  fully  realised 
every  day.     In  almost  every  kind  of  structural  work  it  is  competing  successfully  with 
older  and  better  known  materials. 

In  one  class  of  work,  however,  concrete  has  not  yet  reached  that  safe  and  un- 
assailable position  in  the  ranks  of  structural  materials  that  it  has  in  many  other 
classes,  and  that  is  its  use  as  a  material  for  sewer  construction.  Concrete  has  been 
used  for  many  years  in  the  building  of  sewers,  but  cases  of  failure  of  concrete  sewers 
have  been  so  numerous  and  evidences  of  its  reliability  so  conflicting,  that  there  is  even 
yet  considerable  doubt  as  to  its  adaptability  under  certain  circumstances,  and  to  its 
relative  advantages  compared  to  brick  and  vitrified  clay  pipe,  the  other  most  commonly 
used  materials  in  sewers. 

This  condition  of  affairs  arises  from  several  causes ;  firstly,  the  fact  that  the  work 
is  covered  up  soon  after  completion  often  makes  it  difficult  to  discover  whether  any 
subsequent  failure  was  due  to  defective  material,  or  to  an  accident  arising  from  some 
combination  of  circumstances  which  it  was  difficult  to  foresee  and  make  provision  for; 
secondly,  there  are  few  classes  of  work  in  which  apparently  trifling  defects,  such  as 
insufficient  mixing  of  concrete  or  misplaced  reinforcement,  may  lead  to  such  disastrous 
results ;  thirdly,  when  a  concrete  sewer  fails,  the  fact  is  advertised  far  and  wide  over 
the  countr}-  by  people  who  are  interested  in   the  sale  of  other  sewer  materials. 

Concrete  sewers  have  been  in  use  for  many  years  in  Europe,  and  to  a  lesser  extent 
in  America.  Paris  has  probablv  more  miles  of  concrete  sewer  than  any  other  city. 
Brooklvn  was  one  of  the  first  American  cities  to  use  cement  sewer  pipe  to  any  great 
extent ;  for  many  vears  their  specifications  required  concrete  pipe  to  the  exclusion  of 
other  kinds.  Wilmington,  Delaware,  was  one  of  the  first  cities  to  construct  monolithic 
concrete  sewers.  Many  of  these  early  sewers  were  constructed  of  natural  cement 
concrete.  Some  of  these  have  failed,  and  these  failures  have  had  a  tendency  to  put 
concrete  into  disrepute  as  a  safe  and  economical  material.  Since  the  introduction  of 
Portland  cement  concrete  into  common  use,  however,  many  sewers  have  been  con- 
structed of  Portland  cement  concrete,  which  seems  to  fulfil  all  the  requirements  of  a 
perfect  sewer. 

In  this  article  it  is  proposed  to  make  some  investigations  as  to  how  concrete  sewers 
compare  with  those  of  other  materials  in — 

(i)  Their  abilitv  to  resist  the  disintegrating  of  chemicals  liable  to  be  present  in  the 
sewage  or  ground  water ; 

(2)  Their  ability  to  resist  the  erosive  action  of  fluids  passing  through  them  ; 

(3)  Their  general  suitability  as  sewage-carrjnng  channels ; 
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(4)  Their  ability  to  withstand  the  external  pressures  and  shucks  to  which  they  are 
liable  to  be  subjected  ; 

(5)  Their  cost. 

It  is  also  intended  to  give  a  short  description  of  the  different  forms  of  concrete 
sewers  which  have  been  constructed  and  some  examples  of  sewers  now  in  use  in  various 
cities. 

Resistance  to  Chemical  Disintegration. — The  ground  upon  which  concrete  as  a 
sewer  material  has  been  most  attacked,  and  upon  which  it  still  remains  the  most  open 
to  attack,  is  with  regard  to  its  ability,  or  lack  thereof,  to  withstand  the  action  of 
chemicals  with  which  it  is  liable  to  come  into  contact.  It  is  asserted  that  concrete  is 
not  only  liable  to  be  disintegrated  by  sewage,  but  that  it  is  also  easily  dissolved  away 
by  the  action  of  pure  water  alone.  The  truth  must  lie  somewhere  between  these  two 
statements,  just  where  there  is  none  too  great  a  wealth  of  evidence  to  show. 

The  disintegrating  agent  may  arise  from  the  sewage  or  from  external  agencies, 
such  as  the  ground  water.  In  the  first  case  the  immediate  agent  of  destruction  may 
be  in  the  sewage  itself  in  the  form  of  dilute  acids  or  alkalis,  or  it  may  be  in  the  form 
of  gases  given  off  by  the  sewage.     This  case  shall  be  considered  first. 

An  often-ciuoted  example  of  the  disintegration  of  concrete  by  sewage  gases  is  in 
ctinnection  with  the  sewage  disposal  works  at  Hampton,  England.  The  history  of  the 
case  was  given  in  a  paper  read  by  Mr.  .Sidney  H.  Chambers,  engineer  to  the  Hampton 
Council,  to  the  members  of  the  Concrete  Institute.  In  connection  with  the  hydrolysing 
chamber  and  the  inlet  channel  it  was  noticed  that  the  concrete  was  being  decomposed. 
Upon  examination  it  was  found  that  the  concrete  that  was  always  under  water  was 
[jerfectly  sound,  while  that  high  above  the  water  was  only  slightly  affected.  The  area 
of  maximum  decomposition  was  included  between  the  low  and  high  water  levels  of 
the  sewage.  The  concrete  where  it  had  been  attacked  by  the  sewage  gases  was  found 
to  be  covered  with  a  white  chalky  substance  which  analysis  proved  to  be  sulphur.  The 
concrete  under  this,  upon  being  analysed,  was  found  to  contain  a  large  percentage, 
varying  from  sixty-five  to  seventy-five,  of  sulphate  of  lime. 

The  t^xplanation  given  for  this  ran  as  follows  :  the  main  erosive  effect  was  at  the 
varying  liquid  level,  and  was  there  dependent  upon  the  amount  of  sulphuretted  hydrogen 
in  solution  in  the  liquid.  The  gas  was  comparatively  small  in  amount  in  the  incoming 
sewage,  but  increased  as  the  liquid  passed  through  the  hydrolysing  chambers  owing  to 
increased  putrefaction.  When  the  level  of  the  liquid  fell  it  left  the  concrete  which  it 
previously  covered,  wetted  with  a  liquid  containing  sulphuretted  hydrogen  in  solution. 
This  wet  surface  was  then  exposed  to  the  air,  which  oxidised  the  sulphuretted  hydrogen, 
forming  sulphurous  and  sulphuric  acids,  which,  acting  on  the  concrete,  changed  the 
lime  to  sulphate  of  lime.  The  active  agent  was  probably  sulphurous  acid,  as  concrete  is 
not  affected  much  by  sulphuric  acid.  When  the  liquid  rose  again  the  decomposed 
material  was  washed  away,  and  a  fresh  surface  was  exposed  to  the  action  of  the  sewage 
when  the  liquid  fell  again.  It  was  the  continuation  of  this  cycle  that  led  to  the 
formation  of  the  grooves  at  the  varyingiiquid  level. 

The  erosive  effect  on  the  concrete  above  the  liquid  level  was  dependent  upon  the 
sulphuretted  hvdrogen  evolved  from  the  liquid  and  mixed  with  the  air  supply.  Some 
of  this  gas  was  dissolved  by  the  mcisture  which  was  present  on  the  walls  and  roof  from 
evaporation  and  condensation ;  it  was  then  oxidised  by  the  air  and  decomposed  the 
concrete,  as  described  above. 

The  conclusions  drawn  from  these  investigations  were  that  gases  in  solution  in 
sewage  and  those  expelled  from  it  do  not  act  injuriously  on  Portland  cement  concrete, 
provided  all  the  following  conditions  occur  at  the  same  time  : 

(i)  .\  high  degree  of  putrescence  in  the  sewage; 

(2)  .\  moistened  surface  which  absorbs  the  putrid  gases; 

(^)  The  presence  of  a  free  air  supply. 

This  case  has  sometimes  been  quoted  as  direct  evidence  of  the  inferiority  of 
concrete  as  a  sewage-resisting  substance,  but  if  a  close  examination  of  the  situation  is 
made  it  will  be  seen  that  there  are  extenuating  circumstances  which  make  the  situation 
not  as  bad  as  it  seems.  In  the  first  place,  of  the  many  sewage  purification  plants,  this 
is  one  of  the  few  from  which  there  has  been  like  trouble  reported ;  secondly,  since,  as 
ir  is  distinctlv  intimated  in  the  report,  there  is  necessary  before  sewage  gases  can  have 
any  effect  on  the  concrete,  a  high  state  of  putrefaction,   such   as  could  never  exist  in 
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a   properly   de.si|:jned   and   ronstructed   sewer,   and   lo   attf-mpL   lo   introduce   this   as   an 
argument  against  the  use  of  concrete  in  sewers  ap])ears  to  be  misapplied  energy. 

A  somewhat  similar  cas<'  has  been  reported  from  Amherst,  Ohio.  Here  the  Ohio 
Quarries  Co.  have  a  small  purification  plant  to  care  for  the  sewage  of  about  elev<-n 
dwellings.  This  plant  was  built  in  1905  and  consists  of  :i  covered  septic  tank  «'md 
continuous  filter.  Being  so  small  there  is  quite  a  variation  between  the  low  and  high 
levels  of  the  sewage.  Disintegration  of.  the  walls  of  the  septic  tank  was  noted  in 
jNIarch,  1910,  and  was  found  to  be  most  pronounced  along  the  strip  between  the  ordinarv 
flow  level  and  the  high  level  caused  by  increased  flow  in  times  of  storm.  The  writer 
gives  it  as  his  opinion  that  sewage  will  attack  concrete  if  there  is  much  putrefaction 
taking  place,  especially  if  the  concrete  is  of  anything  but  a  dense  impervious  niixtur<'. 

In  the  reconstruction  of  a  large  sewer  (15  ft.  by  20  ft.)  in  St.  Louis  about  eight 
years  ago  concrete  was  used  both  with  and  without  a  covering  of  vitrified  bricks  in 
adjoining  portions  of  the  sewer.  The  section  covered  by  the  vitrified  brick  seems  to  be 
the  most  satisfactory.  The  surface  is  hard  and  smooth  and  no  appreciable  wear  can 
be  detected.  The  surface  of  the  concrete  section  not  covered  with  vitrified  bricks  is 
completely  pitted  with  small  holes  from  one  quarter  of  an  inch  to  one  half  an  inch  in 
diameter  and  depth.  The  Portland  cement  mortar  seemed  to  be  partially  disintegrated. 
When  new,  the  mortar  was  allowed  to  harden  for  several  days  before  sewage  was 
allowed  to  pass  over  it.    The  cause  of  this  pitting  has  not  yet  been  determined. 

In  the  proceedings  of  the  Institute  of  Civil  Engineers  for  November,  1908,  Mr. 
Barnett  described  some  investigations  he  made  in  connection  with  the  detection  of 
water  losses  in  the  Thirlmere  Aqueduct,  which  supplies  Manchester  with  water.  The 
aggregate  of  the  concrete  was  here  composed  of  pure  limestone,  and  it  was  found  that 
where  the  limestone  was  exposed  to  the  water,  marked  cuppings  were  visible,  showing 
that  the  limestone  was  being  dissolved  by  the  water  while  the  water  was  unaffected. 
Mr.  Barnett  made  some  tests  to  confirm  this.  He  submitted  a  block  of  each  of  the 
following  :  limestone,  cement  mortar  and  neat  cement,  to  the  action  of  the  water.  He 
found  that  the  limestone  was  the  only  one  of  the  three  to  be  ap]^reciably  affected,  and 
it  was  found  to  have  lost  a  considerable  percentage  of  its  weight. 

It  is  a  well-known  fact  that  water  unites  with  carbon  dioxide  gas,  forming  i\n 
acid  which  reacts  chemically  with  limestone.  Hence,  water  which  contains  a  quantity 
of  this  acid  will  have  a  destructive  effect  on  limestone  with  which  it  is  brought  into 
contact.  Since  carbon  dioxide  is  evolved  wherever  there  is  any  decomposing  organic 
matter  it  is  practically  certain  to  be  present  in  sewage.  It  would  appear  to  be  a 
necessary  precaution  to  exclude  limestone  from  the  concrete  to  be  used  in  sewer  con- 
struction. In  the  results  of  the  experiments  just  mentior^ed  may  lie  the  explanation 
of  the  action  of  the  St.  Louis  sewer.  However,  a  more  detailed  knowledge  of  all  the 
contributory  circumstances  would  be  necessary  before  any  ^definite  conclusion  could  be 
made. 

It  would  appear  that  fear  of  the  concrete  being  attacked  by  gases  present  in  the 
sewage  is  ill  founded,  while  before  it  eould  be  decided  as  tojthe  probability  of  the  sewer 
being  destroyed  by  chemicals  in  the  sewage  itself,  an  examination  of  the  sewage  to  be 
carried  and  of  the  concrete  aggregate  would  have  to  be  made'.  However,  it  is  evident 
that  anv  sewage  ha\ing  a  deleterious  effect  on  a  concrete  sewer  would  have  the  same 
effect  on  the  cement  mortar  of  a  brick,  and  to  a  lesser  extent  on  the  joints  of  a  vitrified 
pipe  sewer.  That  brick  sewers  are  not  altogether  immune  from  the  attack  of  strongly 
acid  sewage  is  shown  in  the  case  of  a  sewer  in  Halton  Borough,  England,  where  a 
trick  sewer  was  completel}'  disintegrated  by  acids  allowed  lo  drain  into  it  from  silver- 
smiths' and  goldsmiths'  workshops.  "■' 

The  opinion  of  municipal  engineers  as  to  the  effect  oif.  sewage  on  concrete  is  far 
from  unanimous. 

A  common  cause  of  the  disintegration  and  consequent  failure  of  concrete  sewers 
is  the  presence  of  the  sulphates,  chlorides  and  carbonates  6f  magnesium,  calcium  and 
potassium  in  the  ground  water.  Of  these  the  sulphates  appear  to  be  the  most  active. 
Cases  of  this  nature  have  been  noticed  in  the  arid  regions  of  the  Western  States  and 
India,  and  in  Prussia. 

Mr.  J.  G.  Jewett,  of  the  U.S.  Reclamation  Service,  gave  before  the  American 
Society  for  Testing  Materials,  in  igo8,  certain  information  regarding  the  effect  of  these 
alkaline-charged  waters  on  concrete  culverts  in  Montana  and  Wyoming.     Considerable 
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disintegration  was  found  to  take  place  near  the  water  line.  This  seemed  to  consist 
largely  of  the  formation  of  crystals,  which  was  accompanied  bv  considerable  expansive 
force.  Experiments  made  by  Mr.  W.  P.  Headden,  of  the  Fort  Collins  Experimental 
Station,  indicate  that  cement  concrete  is  very  susceptible  to  the  action  of  weak  solutions 
of  the  above-mentioned  alkali. 

Preliminary  to  the  construction  of  a  reinforced  concrete  pipe  line  in  Idaho  through 
alkali  soil  some  investigations  were  made  to  determine  the  probable  effect  of  the 
alkalis  on  the  concrete.  A  test  length  of  pipe  was  placed  in  a  slough  where  it  would 
be  exposed  to  the  action  of  alkali  under  the  most  severe  conditions  that  could  be  devised. 
Up  to  the  present,  six  months  later,  no  effect  that  can  be  detected  has  developed. 

At  Lake  Loveland  in  1894  a  tunnel  for  conveying  water  was  lined  with  concrete. 
Ground  impregnated  with  alkalis  was  met  with  in  large  quantities,  but  by  providing 
large  and  efficient  side  drains  it  was  possible  to  keep  the  ground  water  away  from  the 
concrete,  with  the  result  that  fifteen  years  later  the  concrete  is  apparentlv  as  good  as 
new. 

In  connection  with  some  reclamation  work  in  the  United  States  it  was  discovered 
that  the  only  convenient  sand  supply  contained  3  per  cent,  of  alkalis,  w^hich  had  a 
deteriorating  effect  on  the  concrete  in  which  it  was  used.  Apparently  in  some  regions 
it  would  be  necessary  to  investigate  the  composition  of  sands  intended  to  be  used  in 
making  concrete. 

In  connection  with  the  various  failures  it  has  been  noticed  that  the  more  porous 
a  concrete  is  the  more  liable  it  is  to  disintegration  by  alkali  waters,  and  so  a  dense 
mixture  of  concrete  should  always  be  obtained  wheire  it  is  liable  to  be  attacked  by 
alkalis. 

At  the  annual  convention  of  the  Illinois  Society  of  Engineers  and  Survevors  the 
Committee  on  Sewers  gave  as  their  opinion  that  there  w^as  little  to  fear  of  concrete 
being  injured  by  alkali  soils  in  arid  regions,  and  in  any  case  solvents  would  prove  as 
injurious  to  the  cement  mortar  of  a  brick  sewer  as  to  a  concrete  sewer.  Upon  what 
evidence  this  conclusion  was  based  is  not  recorded. 

From  the  foregoing  it  may  be  concluded  that  if  concrete  sewers  are  to  be  built  in 
alkali  regions  some,  or  preferably  all,  of  the  following  precautions  must  be  observed  : 

(i)  The  ground  in  the  immediate  vicinity  of  the  sewer  must  be  so  well  drained 
that  very  little,  if  any,  ground  water  is  allowed  to  come  into  contact  with  the  sewer; 

(2)  The  concrete  must  be  made  as  nearly  impervious  as  possible  bv  using  dense 
mixtures  of  concrete  or  by  the  addition  of  some  waterproofing  compound  ; 

(3)  The  outside  of  the  sewer  may  be  protected  by  means  of  some  waterproof 
coating,  such  as  asphalt  or  tar  paper. 

As  for  the  contention  sometimes  made  that  concrete  is  soluble  in  pure  water,  this 
seems  too  absurd  to  require  any  denial,  in  view  of  the  fact  that  there  are  large  numbers 
of  concrete  structures  successfully  withstanding  the  dissolving  action  of  all  kinds  of 
ordinary  water. 

Ability  to  Resist  Erosion.  —  There  has  been  an  idea  prevalent  for  many  years 
among  the  builders  of  sewers  that  concrete  is  inferior  to  sewer  brick  in  its  power  to 
resist  the  erosive  action  of  sediment-carrying  sewage. 

It  is  difficult  to  understand  why  concrete  sewers  should  be  less  able  to  resist 
erosion  than  those  constructed  of  other  materials.  In  other  structures — sidewalks,  for 
instance — concrete  shows  an  abrasive  resistance  equalled  by  few,  if  any,  other  materials. 
Experiments  to  determine  the  relative  powers  of  resistance  to  abrasion  of  the  various 
materials  used  in  sewer  inverts  are  not  numerous.  One  series  of  experiments  have, 
however,  been  made  by  Mr.  G.  S.  Rankin,  and  presented  in  a  paper  read  before  the 
American  Society  of  Municipal  Improvements. 

In  introducing  the  subject  of  the  wear  of  sewer  inverts  Mr.  Rankin  instances  the 
case  of  a  brick  sewer,  6,000  ft.  long,  which  came  under  his  observation  in  which  the 
invert  was  completely  worn  through  and  had  to  be  renewed  at  a  considerable  expense. 
He  also  quotes  the  following  instances  from  Fol well's  "  Sewerage." 

"  A  5i-ft.  two-ring  brick  sewer  in  Baltimore,  twenty-five  years  old,  was  recently 
found  with  its  invert  cut  completely  through  for  a  width  of  12  to  T5  in.  and  badly  worn 
to  the  height  of  2  ft.  In  Omaha,  brick  sewers,  the  wear  of  whiih  is  usually  18  in.  to 
24  in.  wide,  became  from  2  to  5  in.  deep  in  twelve  years." 
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In  Nfwark,  N.J.,  a  bricU  sewer  buill  in  iS<S(),  si/<-  45  in.  by  (x)  in.,  with  a  ^rade  of 
I -6  per  cent,  wa.s  found  to  have  its  invert  almost  comjjletely  worn  throu<^h  in  1910. 
.\s  a  result  of  this  wearinj^  it  has  been  the  custom  to  line  the  lower  third  or  quarter  of 
the  cross-section  with  vitrified  paving  brick.  The  only  test  required  was  that  the  brick 
should  not  absorb  more  th«-m  2  per  cent,  of  its  weight  in  water  after  being  thoroughly 
dried  and  immersed  in  water  for  twenty-four  hours. 

Experiments  were  made  oy  .Mr.  Rankin  with  the  idea  of  determining  the  relative 
wearing  qualities  of  several  materials  and  their  consequent  suitability  as  m.;iterials  for 
sewer  inverts.  The  samples  were  first  tested  for  absorption  and  then  placed  on  a 
rubbing  machine  such  as  is  used  in  stone  yards  for  rubbing  blocks  of  stone.  The 
samples  were  all  20  lb.  in  weight  and  were  left  on  the  machine  twentv  minutes,  the 
velocity  of  the  rubbing  machine  being  at  the  rat<'  of  21  ft.  \yer  second.  The  results  of 
the  experiment   were  as  shown   in   the  following  table  :  — 


TAP, 

LE   I. 

Per  cent 

Per  cent. 

Ratio 

Life  of 

No. 

Materi.\l. 

Gained 

Lost 

Absorp. 

Invert 

Kemarks. 

by 

by 

to 

in 

Absorp. 

.Abras. 

Abras. 

Years. 

I 

Vitrified  Shale  Brick 

1-36 

2 -co 

I   :   1-47 

324 

T.  _0 

2 

Vitrified  Shale  Brick 

2-15 

3-35 

I   :   1-56 

193 

3 

Vitrified  Shale  Brick 

^■60 

3-42 

I   :  0-95 

189 

w      0 

4 

Vitrified  Shale  Brick 

4-28 

5-92 

I   :   1-38 

109 

>.+^     x 

5 

Shale  Sewer  Brick 

13-18 

27-31 

I    :   2-07 

24 

C     St    -i 

6 

Building  Brick      ... 

7-39 

20-41 

I    :   2-76 

31 

-•s  ^ 

7 

Building  Brick 

lo-ig 

44-74 

I    :   4-39 

15 

0  S  0 

8 

Building  Brick 

18-91 

<H-74 

I    :   3-42 

10 

^     X 

9 

I    :   2  Cement  Mortar 

11-86 

4-41 

I   :  0-37 

147 

•=  rt  rt 

10 

1:2:4  Grav.  Concrete 

6-65 

3-82 

I   :  0-57 

169 

^  '^■^ 

II 

1:2:4  Grav.  Concrete 

5-IO 

3-35 

I    :  0-66 

193 

•Z^  ""  c 

12 

1:2:5  Stone  Concrete 

7-40 

S-62 

I    :    i-i6 

75 

SIS 

13 

Vitrified  Tile         

1-34 

4-47 

I    :   3-34 

145 

;-z  2  c 

14 

Vitrified  Pipe 

4-47 

6- 1 1 

I    :   1-37 

109 

~ 

15 

\'itrified  Pipe 

I-7-2 

4-.T3 

I    :   2-63 

14^ 

rf  ~^. 

Specimens  Nos.  i — 4  were  vitrified  shale  paving  brick  selected  for  their  variation 
in  absorption.  No.  5  was  a  small  shale  brick  made  for  use  in  sewers.  Nos.  6,  7,  and 
8  were  different  makes  of  building  brick,  also  selected  for  their  variation  in  absorption. 
Nos.  9,  10,  and  12  were  made  from  the  mortar  and  concrete,  being  used  in  the  con- 
struction of  a  sewer  at  the  time  of  the  experiment.  No.  11  was  a  section  of  concrete 
pipe  furnished  by  the  Lock  Joint  Pipe  Co.,  and  was  about  one  year  old.  No.  13  was 
a  tile  used  by  the  same  company  for  lining  their  pipes  with,  when  required  by 
engineers.     Nos.  14  and  15  were  samples  of  salt-glazed  vitrified  pipe. 

While  admitting  that  these  experiments  are  far  from  being  complete  and  ex- 
haustive,  Mr.    Rankin   draws  the  following  conclusions   from  them  : 

(i)  "  That  for  similar  materials,  although  there  is  considerable  variation  in  the 
ratio,  the  abrasion  in  every  case  except  No.  12  increases  with  the  absorption.  That  gives 
a  fair  idea  of  the  wearing  qualities  of  the  materials. 

(2)  "  The  additional  cost  of  lining  a  brick  sewer  is  warranted,  although  the  2  per 
cent,  requirement  of  the  Newark  specifications  seems  unnecessarily  severe. 

(3)  "  The  concrete  sample  compares  favourably  with  paving  brick  and  it  would 
appear  unnecessary  to  line  a  concrete  sewer. 

(4)  "  Tile  pipe  is  generally  not  as  durable  as  concrete  pipe." 

The  last  two  clauses  are  particularly  noteworthy  in  connection  with  the  subject 
under  discussion,  and  are  somewhat  contrary  to  the  belief  commonly  held  by  many 
people  who  cannot  be  accused  of  being  prejudiced  against  concrete  in  any  way. 

Mr.  W.  C.  Parmeley  considers  that  a  more  resisting  surface  can  be  got  from  con- 
crete than  from  any  but  the  hardest  vitrified  brick. 

In   Duluth,    Minn.,  the   grades  of  the  sewers  are  exceptionally   steep,   and   it  has 
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been  found  impossible  to  keep  sand  and  small  stones  out  of  the  sewers.  Concrete 
sewers  liave  been  pro\en  to  be  more  durable  than  brick.  In  one  case  on  a  very  steep 
grade,  granite  flags  were  laid  in  cement  mortar.  Two  vears  later  the  granite  was 
found  to  be  worn  away,  leaving  ridges  of  mortar  between  the  flags,  showing  the 
concrete  to   be  more  durable  than   granite. 

In  the  construction  of  the  intercepting  sewers  in  Toronto,  brick  was  used  in  part, 
and  brick-lined  concrete  in  the  rest.  The  use  of  brick  in  this  case  seems  to  have  been 
more  due  to  the  pressure  brought  on  the  City  Council  by  the  brick  interests  than  from 
any  belief  in  the  superiority  of  brick  as  a  material  for  sewers. 

In  view  of  the  extra  cost  involved  in  the  use  of  vitrified  bricks  and  their  doubtful 
efficacy,  the  use  of  vitrified  brick  lining  for  sewers  appears  to  be  doubtful  economv. 
It  is  always  advisable  to  examine  the  grade  of  a  sewer  and  the  consequent  maximum 
velocity  of  the  sewage  before  it  is  decided  whether  to  line  it  or  not.  In  case  the 
maximum  velocity  exceeds  about  8  to  lo  ft.  per  second,  it  would  seem  to  be  good 
practice  to  line  the  sewer. 

General  Suitability.—  Yhere  are  two  qualities  which  any  material  must  possess 
before  it  can  be  successfully  applied  to  sewer  construction  that  have  not  vet  been 
taken  up  in  detail.     These  are  water-tightness  and  smoothness  of  surface. 

Concrete  is  eminently  fitted  for  sewers  in  that  it  is  capable  of  being  constructed 
with  a  very  smooth  surface,  and  all  special  construction  necessitating  the  use  of  sharp 
angles  and  curves  can  be  made  perfectly  true  to  shape,  thus  offering  little  resistance  to 
the  flow  of  sewage.  This  is  of  great  advantage  where  there  are  manv  sharp  turns  in 
the  sewer  and  the  grade  is  slight. 

In  order  that  a  sewer  may  fulfil  the  duties  for  which  it  was  built,  it  must  have 
such  a  form  and  be  laid  to  such  a  grade  as  to  cause  a  sufficient  velocitv  in  the  water 
to  carry  along  any  solid  materials  that  may  be  in  the  sewage.  Upon  reference  to 
literature  on  hydraulics  we  find  that  a  velocity  of  water  in  a  pipe  from  2i  to  3  ft.  per 
second  is  necessary  in  order  to  cause  such  materials  as  sand,  gravel,  etc.,  to  be 
carried  along. 

The  formula  most  used  in  computing  the  velocitv  of  water  is  Chezv's. 

V  =  C^  RS  where 

r  =  \clocity  in  feet  per  second. 
A' =  hydraulic  radius. 
5  =  size  of  slope  angle. 

C  =  constant  depending  on  the  slope,  shape  of  cross-section,  and  roughness  of 
surface.     C  is  usually  determined  from   Kutter's  formula  :  — 

rSll,  -00281 

41-66+-     -+  

n  s 


1  +  (41-66  ^:00281N_^ 
s  /  \  11 
where  "  n  "  is  a  coefficient  of  roughness  depending  on  the  roughness  of  the  surface 
with  which  the  water  is  in  contact,  the  other  symbols  having  the  same  significance  as 
in  Chezy's  formula.  Before  proceeding  any  farther  it  is  necessary  to  fix  on  the  value 
o*^  "  n  "  to  be  used  in  the  above  formula.  Merriman  gives  the  following  values  for 
"  n  " : 

»  =  •()!  I  for  cement  mortar. 

);  =  -()i3  for  good  brick  work. 

/!:=-oi5  for  unclean  surfaces  in  sewers. 
•  In  Ogden's  "  .Sewer  Design  "  the  following  values  are  given  : 

«  =  'oii  for  cement  mortar  and  cement  pipes  well  jointed  and  in  good  condition. 

H  =  "oi2  for  tough  cement  mortar. 

»  =  -oi3  for  well-laid  brickwork. 

In  the  design  of  the  concrete  sewers  at  Louisville,  Ky.,  a  coefficient  of  fj  =  'oi3  was 
Used.  It  would  appear  that  for  concrete  sewers  in  fair  condition  a  coefficient  of 
>;  =  "oi2  would  be  reasonable,  while  in  brickwork  a  value  of  n  =  -oi5  would  be  all  that 
could  be  expected.  This  difference  in  the  values  of  the  coefficients  will  have  the  efl'ect 
01  producing  different  results  in  determining  the  minimum  grades  in  order  to  produce 
the  minimum  velocitv  in  the  two  different  types  of  sewers. 
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The    minimum    j^rados    for   pij^es    of   \arioLis    clianH'ters   consistfnt    witli    tiic   afore- 
mentioned assumptions  are  given  in  the  table  below  : 


Diameter 

AIIXIMIM  ( 

'.KADE. 

OF 

Pipe 
IN   Feet. 

Concrete 

Brick 

M=-OI2 

«=-oi5. 

2 

•00150 

•00260 

3 

•00085 

•00140 

4 

•00055 

•00092 

5 

•00042 

•00065 

6 

■00034 

■00053 

7 

•00027 

•00043 

8 

•00022 

•00037 

ID 

•00017 

■000275 

Of  course  these  figures  hold  true  for  circular  sewers  flowing  either  half  or  full, 
but  the  principle  involved  is  the  same  whatever  be  the  shape  of  the  cross-section  and 
the  depth  of  water  flowing  through  the  sewer.  That  is,  that  concrete  sewers  can  be 
laid  on  flatter  grades  than  bricks  for  the  same  minimum  velocity. 

This  table  shows  that  in  a  case  where  the  outlet  has  to  be  kept  as  high  as  possible 
while  preserving  a  minimum  grade  in  the  sewer,  a  considerable  saving  in  excavation 
might  be  effected  by  using  a  concrete  sewer  in  preference  to  a  brick  one.  Thus,  for  a 
5-foot  sewer  the  saving  in  grade  would  be  •023  ft.  per  hundred  feet.  This  in  a  mile  of 
sewer  would  mean  a  saving  in  excavation  at  the  end  of  the  mile  of  i'i2  ft.  The 
saving  in  the  cost  of  a  mile  of  excavation  in  rock  would  be  (taking  the  cost  of  rock 
excavation  as  being  $3.00  per  cu.  yd)  approximately  $1,900.  This  in  a  sewer  several 
miles  long  would  effect  a  considerable  saving.  For  earth  excavation,  however,  the 
saving  would  probably  be  not  more  than  one-sixth  of  this  amount.  Also  in  low-level 
sewers  where  the  sewage  has  been  pumped  a  reduction  of  the  grade  would  mean  a 
reduction  in  the  height  which  the  sewage  has  to  be  raised. 

The  difference  in  roughness  of  the  interior  surface  of  the  two  different  types  of 
sewer  results  also  in  a  difference  in  their  carrying  capacity.  This  is  shown  very  clearly 
by  the  accompanying  curves.     These  show  that  for  any  particular  diameter  of  pi])e  and 
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grade  the  concrete  sewer  has  a  much  greater  carrying  capacity  than  the  brick  sewer. 
Although  the  cases  here  illustrated  are  very  limited  in  their  application,  the  sewers 
being  supposed  of  circular  cross  section  and  to  be  flowing  full,  the  fact  remains  that 
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concrete  sewers  have  a  greater  ciirrying  ca}3acity  than  brick  sewers  of  the  same  size 
whatever  be  the  shape  of  the  cross  section,  or  the  condition  of  flow  in  the  sewer.  Some 
may  not  agree  that  there  is  as  great  difference  as  is  found  by  using  values  of  h  =  -oi2 
and  n  =  -oi5  for  concrete  and  brick  sewers  respectively,  but  it  is  quite  apparent  that  a 
higher  value  would  be  used  for  brick  than  for  concrete  sewers,  and  the  values  above- 
mentioned  are  about  as  good  as  can  be  obtained  at  this  stage  of  our  knowledge  of  the 
flow  of  water  in  pipes.  In  the  foregoing  computations  the  usual  assumption  has  been 
made,  that,  so  far  as  the  hydraulics  of  the  case  are  concerned,  sewage  is  practicallv 
all  water. 

It  has  been  frequently  asserted  that  concrete  not  being  an  absolutely  water-proof 
material  in  itself,  concrete  sewers  would  be  defective  in  that  thev  would  be  liable  to 
admit  ground  water  and  also  to  allow  the  sewage  to  leak  out,  thus  polluting  the 
ground  in  the  vicinity  of  the  sewer.  This  is,  apparently,  erroneous,  when  one  considers 
that  there  are  numerous  concrete  pipe  lines  all  over  the  country  which  convey  water, 
sometimes  under  considerable  heads,  without  undue  leakage.  This  would  seem  to 
indicate  that  it  is  perfectly  possible  to  make  concrete  waterproof. 

A  concrete  sewer  was  constructed  in  Denver  beneath  the  le\el  of  the  La  Platte 
River.  An  effort  was  made  to  have  the  sewer  waterproof  in  order  to  prevent  seepage 
of  the  ground  water.  The  contractor  was  allowed  to  adopt  any  means  his  fancv 
suggested  for  waterproofing  the  concrete,  but  he  had  to  guarantee  the  sewer  to  be 
waterproof  a  year  from  the  time  of  completion.  The  contractor  used  Toxement,  a 
patented  waterproofing  compound,  using  three  pounds  for  each  sack  of  cement.  Reliance 
was  placed  on  the  concrete  mixture  for  obtaining  a  uniform  distribution  of  the  com- 
pound.    A  satisfactory  result  is  said  to  have  been  obtained. 

Preliminary  to  the  construction  of  the  Louisville  sewerage  system  the  commission 
in  charge  made  some  tests  for  finding  the  most  impervious  concrete.  Concrete  pipes 
were  tested  for  about  seven  hours  under  a  pressure  of  about  fifteen  pounds  per  square 
inch.  The  concrete  used  consisted  of  one  part  of  cement  to  two  parts  of  Ohio  River 
sand  to  four  parts  of  Ohio  River  gravel.  Tests  were  made  on  plain  concrete  and  on 
concrete  containing  lime,  clay  and  various  percentages  of  several  waterproofing  com- 
pounds. The  best  results  were  obtained  by  the  use  of  4  per  cent.  Medusa  and  4  per 
cent.  Toxement  Waterproofing  Compounds,  the  seepage  in  each  case  being  zero.  With 
the  1:2:4  concrete  the  seepage  was  6'3o  cu.  in.  per  sq.  in.  of  surface. 

In  a  part  of  the  construction  of  these  same  sewers  a  fine  clayev  moulding  sand 
was  used  for  10  per  cent,  of  the  sand  1:2:4  mix.  The  sand  was  thoroughlv  mixed 
with  water  and  then  mixed  with  the  rest  of  the  sand  and  the  cement.  As  far  as  can 
be  seen  this  method  is  satisfactory. 

So  far  as  the  permeability  of  concrete  sewers  and  their  consequent  liabilitv  to 
leakage  is  concerned  there  seems  to  be  little  cause  for  alarm,  provided  reasonable  care 
is  used  in  the  construction. 

Stresses  Due  to  External  Pressure.  —  In  designing  sewers  it  is  usually  customary 
to  consider  the  sewer  as  having  to  sustain  all  the  dead  load  of  the  fill  over  it  and  also 
all  the  live  load  that  is  likely  to  come  on  it  w^hen  the  amount  of  cover  is  less  than  4  ft. 
\\'hen  the  amount  of  fill  exceeds  4ft.  the  sewer  is  supposed  to  l>e  capable  of  sustaining 
the  weight  of  the  fill  and  a  certain  percentage  of  the  live  load,  this  percentage  varying 
from  one  hundred  at  4  ft.  deep  to  zero  at  about  14  ft.,  at  which  point  the  live  load  is 
supposed  to  cease  to  have  any  effect.  These  figures  are  only  assumptions,  although 
probably  very  reasonable  ones,  since  it  is  difficult  to  arrive  at  any  definite  conclusions 
from  theoretical  considerations  alone  owing  to  the  uncertain  nature  of  earth  pressures. 

In  designing  sewers  considerable  allowance  has  to  be  made  for  the  uncertain 
stresses  liable  to  be  set  up  by  irregular  settlements  of  the  foundations,  and  quite  large 
factors  of  safety  are  usually  considered  necessary.  A  very  complete  analysis  of  the 
subject  of  stresses  in  circular  sew*ers  and  culverts  subjected  to  earth  pressure  is  given 
by  Prof.  A.  N.  Talbot  in  a  bulletin  issued  by  the  L'niversity  of  Illinois.  In  introducing 
the  subject  the  Professor  says  :  "  The  stresses  developed  in  rings  and  pipes  subject  to 
external  pressure  are,  of  course,  dependent  upon  the  bending  moments  developed. 
As  the  exact  load  coming  on  the  sewer  and  its  distribution  over  the  surface  are  difficult 
to  determine,  the  bending  moment  is  in  general  quite  uncertain.  The  amount  of  load 
and  its  distribution  over  the  surface,  and  therefore  the  bending  moment  on  different 
parts  of  the  ring,  depend  upon  a  number  of  conditions,  such  as  the  nature  of  the  earth 
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u^ed  in   tillinj;,   ihv  iikiIukI   (if  beddinj;  the-  |)ip<-,   llic  manner  of  lanipini^   the  earth  at 
the    side,    the   amount    of    lateral    restraint   or    pr<'ssure    of    the   earth,    the   conditions 
regardin.s^  moisture,  ote."      These  conditions  of  loadinj^  may  include: 
(i)  A  concentrated  load  at  the  crown; 

(2)  A   vertical    load    distributed    uniformly    o\cr    the    liori/ontal    x-ction; 

(3)  A  distributed  vertical  load  tO£fether  with  a  horizontal  load  distributed  |M-rpen- 
dicularly  over  the  sides  of  the  ring; 

(4)  An  oblique  load,  such  as  may  prevail  in  a  sewer  trench,  a  slip  of  earth  causing 
pressures  to  be  set  u])  in  the  sewer  that  are  not  provided  for  in  any  of  the  previous 
cases. 

Mr.  Talbot  made  a  large  number  of  tests  on  jjlain  and  reinforced  concrete  rings 
and  pipes,  comparing  the  results  of  these  tests  with  those  derived  from  formulae. 
An  examination  oi  his  results  shows  the  chief  benefits  to  be  derived  from  the  reinforcing 
of  concrete  pipes  would  be  in  lessening  the  liability  of  sudden  failure  from  shock  and 
pressures  not  otherwise  provided  for,  and  in  permitting  the  use  of  a  thinner  shell 
for  the  pipe.  The  reinforcement  should  also  be  taken  into  account  in  fixing  on  a 
proper  factor  of  safety.  The  main  lesson  to  be  derived  from  his  tests  is,  however, 
the  advisabilitv  of  providing  a  uniform  bedding  for  the  sewer  and  an  evenlv  dis- 
tributed, well-compacted  filling,  in  order  that  the  pressures  on  the  sewer  may  be 
distributed   and   not   concentrated. 

So  far  as  the  small  number  of  tests  made  vipon  the  relative  strength  of  concrete 
and  vitrified  clay  pipes  admits  of  a  conclusion,  the  resistance  of  the  pipes  against 
outside  compression  varies  to  a  great  extent,  even  with  pipes  of  the  same  size, 
and  made  of  the  same  materials.  However,  the  concrete  pipes  seem  to  give  slightly 
higher  average  values  than  vitrified  clay  pipes. 

Average  results  derived  from  experiments  are  not  very  conclusive,  and  since  no 
sewer  is  stronger  than  its  weakest  length,  sewer  pipe  of  material  with  a  fairly  constant 
and  uniform  strength  is  preferred  to  one  of  higher  average  strength,  but  which,  on 
account  of  its  brittleness,  is  more  liable  to  sudden  failure.  This  is  one  drawback  to 
the  use  of  vitrified  clay  pipes  of  large  sizes.  Their  brittleness  renders  them  liable 
to  breakage  due  to  careless  handling  or  to  sudden  shocks  from  various  causes. 

In  the  construction  of  sewers  in  Richmond,  Ind.,  vitrified  tile  pipe  was  used  for 
sizes  up  to  and  including  18  in.  diameter,  while  concrete  was  used  for  sewers  of  from 
20  in.  to  54  in.  in  diameter.  The  20-in.  pipe  was  not  reinforced,  and  was  found  to  be 
unsatisfactory;  the  larger  sizes  were  reinforced,  and  gave  good  satisfaction. 

The  strength  of  the  plain  concrete  pipes  of  small  diameter  does  not  seem  to  be 
much  different  from  that  of  tile  pipes  of  the  same  diameter,  while  for  the  larger  sizes 
good  design  and  proper  construction  is  all  that  is  required  in  order  to  obtain 
a  thoroughly  strong  and  reliable  concrete  sewer. 

Comparative  Costs. — The  relative  costs  of  sewers  of  different  materials  in  an\- 
particular  case  depends  largely  on  circumstances  peculiar  to  that  case,  such  as  proximity 
to  the  source  of  manufacture.  However,  there  are  several  general  principles  which 
hold  true  in  almost  all  circumstances,  and  are  applicable  to  a  greater  or  less  extent 
under  all  conditions,  which  tend  to  make  concrete  sewers  cheaper  than  brick  ones  of 
the  same  size.     A  brief  discussion   of  these  will   now  be  made. 

Within  the  past  few  years  the  price  of  brick  has  advanced  about  50  per  cent., 
while  the  price  of  cement  has  decreased  about  the  same  amount.  The  market  price 
of  broken  stone  and  sand,  while  governed  almost  entirely  by  local  conditions,  has 
remained  nearly  constant. 

.^bout  75  per  cent,  of  the  weight  of  the  entire  masonry  of  brick  sewers,  that  is, 
the  bricks  themselves,  must  be  transported  from  the  factory  to  the  site  of  the  work. 
A  large  cost  is  usually  involved  in  freight  and  teaming  charges.  On  the  other  hand, 
in  the  case  of  a  concrete  sewer,  frequently  only  about  10  per  cent,  of  the  weight,  i.e., 
the  cement,  has  to  be  brought  long  distances,  and  since  the  quantity  required  is  only 
slightlv  in  excess  of  that  required  for  brick  masonry,  the  gain  is  still  more  apparent. 
The  high  cost  of  vitrified  brick  also  tends  to  increase  the  cost  of  masonry  structures. 

A  brick  wall  must  be  built  of  sufficient  thickness  to  contain  the  line  of  pressure 
near  the  middle  third  of  the  ring,  in  order  to  prevent  cracking.  This  generally  results 
in  working  the  materials  at  a  very  low  efficiency.  For  example,  masonry  that  can 
safely  withstand   a  pressure  of   from    1,000  to  2,000  pounds   per  sq.    in.   is   worked  at 
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a  pressure  rarely  exceeding  300  pounds  per  sq.  in.,  as  to  increase  the  unit  pressure 
would  produce  rupture  in  the  part  of  the  arch  subjected  to  tension.  Concrete  has 
the  advantage  that  it  can  be  reinforced  with  steel.  With  steel  reinforcement  the  mass 
of  the  masonr}-  may  be  cut  down  50  per  cent.,  and  the  materials  comprising  the  struc- 
ture  may  be   worked   at   pre-determined   and   properly   ascertained   etlficiencies. 

A  concrete  sewer  will  carrv  a  much  greater  volume  of  sewage  than  a  brick  sewer 
of  the  same  size,  laid  on  the  same  grade.  Thus,  when  a  given  amount  of  sewage  is 
to  be  carried,  a  smaller  sized  concrete  sewer  will  suffice  than  would  be  required  for 
a  brick  sewer.  A  concrete  sewer  6  ft.  in  diameter  has  nearly  as  great  a  carrying 
capacity  as  a  brick  sewer  6  ft.  6  in.  in  diameter. 

Supposing,  in  the  two  cases,  the  factors  of  thickness  of  the  wall  of  the  sewer, 
the  cost  of  the  material  in  each  case  to  be  the  same,  then  the  increased  diameter  will 
be  responsible  for  an  increase  in  the  amount,  and  consequently  in  the  cost  of  the 
material,  of  about  5  per  cent.,  and  for  an  increase  in  the  amount  of  excavation  necessary 
of  about   7   per  cent. 

F"rom  the  above  theoretical  considerations  we  would  suppose  that  brick  sewers 
would  probably  be  more  expensive  than  concrete  ones  of  the  same  carrying  capacity. 

Many  cities  have  discontinued  the  use  of  brick  in  sewers  on  account  of  the  heavy 
cost.  In  the  construction  of  the  high-level  intercepting  sewer  in  Toronto,  certain 
sections  of  it  were  built  of  concrete  lined  with  brick,  and  others  of  brick  alone.  In  the 
sections  where  concrete  was  used  the  economy  was  verv  marked. 

The  cost  of  concrete  pipes  varies  greatly  under  differing  conditions,  but  in  general 
thev  are  cheaper  than  vitrified  tile  pipes  of  the  same  size. 

In  general,  concrete  sewers  seem  to  be  cheaper  than  those  of  other  materials,  in 
manv  cases  by  a  considerable  amount,  and  very  seldom,  if  ever,  are  they  more 
expensi\-e  than   those  of  brick  or  \"itrifi'ed  tile  construction. 


CEMENT   PAVING   AS   CONSTRUCTED  AT 
MASON  CITY,  IOWA. 

By   MR.   F.    P.   WILSON,   City    Engineer. 

The  foUo7t.'ing  is  an  Abstract  of  a  paper  read  before  the  National  Associatio)i  of  Cement 

I'scrs  at  their  meeting  in  Marcli  hist,  by  Mr.  F.  P.  Wilson. 
I   H.AVE  endeavoured  to  describe  in  this  paper  my  experience  and  the  methods  I   have 
used  to  construct  first-class  Portland  cement  concrete  pavements  in  Mason  City,  Iowa. 

In  the  past  five  or  six  vears  I  have  made  a  broad  studv  of  cement  paving,  and 
have  visited  a  large  number  of  cities  in  the  Northern  States  where  this  class  of  pave 
ment  has  been  laid,   and   I   watched  the  methods  of  construction   in   detail. 

It  is  my  opinion  that  a  Portland  cement  concrete  pavement,  properly  laid  in  an 
up-to-date  manner  with  first-class  cement,  good,  clean,  sharp  sand,  and  good,  clean, 
hard  stone,  making  proper  allowance  for  expansion  and  contraction,  certainly  warrants 
its  use  on  account  of  its  first  cost,  low  cost  of  maintenance,  its  cleanliness,  and  the 
small  ex])ense  to  repair  when  it  becomes  necessary  to  cut  holes. 

In  constructing  a  thoroughly  good  cement  pavement,  the  primary  requirement  is 
first-class  material;  secondly,  an  up-to-date  set  of  plans  and  specifications;  and  lastly, 
a  rigid  and  close  following  of  these  specifications  in  everv  detail. 

The  following  specification  has  been  used  with  entire  success  by  me  at  Mason 
City  :  — 

Preparation  of  Roadbed. — All  streets,  prior  to  the  laying  of  any  pavement 
thereon,  shall  be  graded  so  that  die  pavements  may  be  at  the  established  grade  when 
completed.  After  excavating  the  sub-grade,  unless  the  engineer  deem  the  natural 
ground  a  proper  foundation,  excavation  shall  be  continued  until  solid  ground  is  reached, 
and  then  refilled  to  sub-grade  with  sand,  gravel  and  broken  stone. 

The  contractor  shall  be  required  to  remove  at  his  own  expense  all  obstructions, 
such   a>   trees,   old  blocks,   debris,   etc. 

Excavation. — All  excavated  material,  gutter  stones,  planks,  macadam,  crossing- 
stones,  old  curbs,  surplus  earth,  etc.,  shall  be  the  property  of  the  city,  and  be  deposited 
by  the  contractor  in  such  place  and  manner  as  shall  be  directed  bv  the  engineer,  the 
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distance   not   to  cxci-fd   3,000   ft.     No   pl()ui<hing   will    be   allDWcd    within   3   in.   of   the 
bottom  of  the  foundation. 

Rolling. — When  the  street  has  been  j^raded  and  shaped  to  its  projx-r  form,  ii  shall 
be  thoroughl}-  rolled  with  a  lo-ton  roller  to  a  thoroutjhly  comijact  surface.  If  the 
f^round  is  wet,  sand  or  gravel  is  to  be  put  in  before  rolling. 

Any  depression  discovered  after  this  rolling  shall  be  refilled  to  sub-grade,  re-rolled, 
and  this  repeated  until  a  roadbed,  perfect'  as  to  grade  and  form,   shidl  be  made. 

Tamping.  — When  the  use  of  the  roller  is  impracticable,   the   foundation   must  be 

thoroughly  i)uddl<>d  and  rammed  until  compacted  to  the  satisfaction  of  the  engineer. 

Concrete  Foundation. —  Upon  the  roadway  thus  formed  will  be  laid  Portland  cement 

concrete  5  in.  thick,  to  \k'  made  as  follows:  one  part  by  measure  of  Portland  cement; 

two  parts  by  measure  of  clean,  sharp  sand,  and  five  parts  by  measure  of  broken  stone. 

The  sand  and  cement  shall  be  thoroughly  mixed  into  mortar  at  the  projxT  con- 
sistency with  a  batch  mixer  approved  by  the  engineer.  Broken  stone,  thoroughly 
cleaned  of  dirt,  drenched  with  water,  but  containing  no  loose  water  in  the  heap,  shall 
then  be  added  to  the  mortar  in  the  proper  proportion.  The  concrete  will  then  be 
turned  and  mixed  until  each  fragment  is  thoroughly  coated  with  mortar,  a  strictly  wet 
mixture  being  required.  The  concrete  thus  mixed  shall  have  such  a  consistency  that 
when  rammed  the  mass  will  not  shake  like  jelly,  but  will,  when  struck,  compact 
within  the  area  of  the  face  of  the  hammer  without  displacing  the  material  laterally. 

The  concrete  thus  prepared  shall  be  placed  immediately  in  the  work.  It  shall 
ba  spread  and  thoroughly  compacted  until  free  water  appears  on  the  surface,  which 
shall  be  made  smooth  and  parallel  to  the  surface  of  the  finished  pavement.  The  whole 
operation  of  mixing  and  laying  of  each  batch  of  concrete  shall  be  performed  in  an 
expeditious  and  workmanlike  manner,  and  be  entirely  completed  before  the  cement 
has  begun  to  set. 

No  retempering  of  concrete  will  be  permitted,  and  concrete  in  which  the  mortar 
has  begun  to  set  will  be  rejected. 

The  thickness  of  this  concrete  to  be  5  in.   after  the  same  has  been  compacted. 

Extreme  care  should  be  taken  that  the  sub-grade  is  kept  moist  while  this  concrete 
is  being  put  in  place. 

No  concrete  shall  be  laid  when  the  temperature  at  any  time  during  the  cLav  or 
night  falls  below  35°  above  zero  Fahrenheit. 

Wearing  Surface. — Upon  the  concrete  heretofore  specified  shall  be  immediately 
laid  a  wearing  surface  2  in.  in  thickness,  to  be  made  as  follows  :  one  part  by  measure 
of  Portland  cement;  two  parts  by  measure  of  coarse,  clean,  sharp  sand;  the  sand  and 
cement  shall  be  thoroughly  mixed  into  mortar  of  the  proper  consistency  with  a  batch 
mixer  approved  by  the  engineer. 

The  mortar  thus  mixed  will  be  immediatelv  laid  upon  the  concrete  heretofore 
specified. 

Before  this  mortar  has  begun  to  set  it  will  be  finished  off  to  a  smooth  surface 
with  a  wood  float ;  and  before  completely  hardened  it  shall  be  roughened  by  brushing 
with  a  stiff  vegetable  brush  or  broom. 

The  curvature  and  cross-sections  of  the  pavement  to  bo  made  according  to  the 
plans  governing  the  same. 

l^equirements  of  Materials. — The  cement  used  in  the  work  will  be  submitted  to 
the  tests  approved  and  recommended  by  the  American  Society  of  Civil.  Engineers, 
which  it  must  stand  to  the  satisfaction  of  the  engineer. 

All  Portland  cement  used  in  the  work  shall  be  Mason  City  Portland  cement,  or 
other  Portland  cement  equally  as  good,  which  shall  be  protected  from  the  weather, 
free   from  exposure   to  air   slacking,  and   from    moisture. 

The  sand  shall  be  clean,  sharp  sand. 

The  stone  used  for  the  concrete  shall  be  of  the  best  quality  of  hard  lime  stone, 
or  other  stone  equally  as  good,  and  shall  be  broken  to  such  a  size  that  the  fragments 
shall  not  be  larger  than  will  pass  through  a  i  and  i^-in.  ring,  and  not  smaller  than 
a  hazel  nut.  It  shall  be  free  from  dust,  dirt,  loam,  or  other  objectionable  material, 
and  shall  be  screened,  when  necessary,  over  \  in.  screen  to  eliminate  dust  and  small 
particles. 

Expansion  Joints. — .\n  expansion  joint  i  in.  in  width  shall  be  left  next  to  the  curb 
on  each  side  of  the  street  or  alley,  also  an   expansion   joint  h  in.    in   width   will   be  left 
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every  25  ft.  across  said  pavement  at  rij^ht  angles  to  the  curbs.  Said  expansion  joints 
are  to  be  filled  with  an  asphalt-paving  filler  of  proper  quality  and  consistency  approved 
by  the  engineer.  It  will  be  applied  while  heated  to  a  temperature  of  about  400O  Fahren- 
heit, and  shall  be  so  applied  that  said  expansion  joints  shall  be  thoroughly  filled  clear 
to  the  top  of  the  surface  of  said  pavement. 

All  forms  for  expansion  and  contraction  joints  shall  be  made  of  iron  or  steel  in 
the  form  of  a  template,  cut  to  the  desired  shape  of  the  street,  according  to  the  plans, 
and  of  sufficient  strength  to  resist  springing  out  of  shape.  All  mortar  and  dirt  shall 
be  removed  from  forms  that  have  been  previously  used.  The  forms  shall  be  well 
staked  to  the  established  lines  and  grades. 

Coatractioa  Joints. —  Contraction  joints  shall  be  made  entirelv  through   the  pave- 
ment every   12^  ft.  at  right  angles  with  the  street. 

The  edges  of  all  expansion  and  contraction  joints  shall  be  rounded  to  a  radius 
of  about  I  in.  with  proj>er  tools. 

Care  should  be  taken  to  obtain  a  surface  free  from  ridges,  at  expansion  or  con- 
traction joints,  and  depressions  or  unevenness  in  the  surface,  that  will  detract  from 
its  appearance,  or  cause  water  to  lay  on  the  pavement. 

Any  section  having  such  inferior  surface  will  be  rejected,  and  shall  be  rebuilt  bv 
the  contractor  at  his  own  expense. 

Care  shall  be  taken  to  make  the  expansion  joints  in  such  a  manner  that  they  are 
practically  the  same  width  throughout  their  depth. 

Extreme  care  must  be  exercised  in  removing  templates  or  divisions  used  to  make 
expansion  or  contraction  joints;  the  breaking  out  of  any  portion  of  the  pavement  in 
removing  such  templates  and  forms  will  not  be  tolerated,  and  such  damaged  portions 
of  the  work  shall  be  torn  out  and  replaced  in  good  condition  by  the  contractor  at  his 
expense. 

The  contractor  shall  keep  the  pavement  sprinkled  for  one  week  after  it  is  laid, 
or  longer  if  deemed  necessary  by  the  engineer. 

The  contractor  shall  keep  the  streets  barricaded  where  pavement  has  been  laid 
at  least  two  weeks  after  the  completion  of  the  same. 

In  the  construction  of  this  work  a  mechanical  batch  mixer  with  a  25  ft.  boom,  with 
a  traveller,  was  used.  After  the  sub-grade  had  been  thoroughlv  ruHed,  the  material 
was  distributed  along  the  street,  the  rock  on  one  side  and  the  sand  on  the  other.  The 
mechanical  mixer  was  set  up  at  the  end  of  the  street.  The  concrete  was  placed  in  the 
first  section.  The  wearing  surface  was  immediately  placed  upon  the  concrete,  and 
not  more  than  twenty  minutes  were  allowed  to  elapse  between  the  time  the  concrete 
was  placed  and  the  wearing  surface  was  put  on  the  same.  The  next  section  was  dealt 
with  in  the  same  way.  Then  the  mixer  propelled  itself  backwards  25  ft.  and  proceeded 
as  before. 

Parallel  with  the  curb,  and  10  ft.  out  from  the  same,  the  wearing  surface  was 
cut  through  into  the  concrete,  the  parallel  cuts  being  10  ft.  apart,  so  that  our  actual 
bloeks  of  concrete  are  only  i2i  ft.  bv  10  ft. 

Some  of  the  streets  where  the  cement  paving  was  laid  were  very  soft  and  swampv. 
To  obtain  a  dry  and  well-drained  sub-grade  a  trench  parallel  with  the  curb  on  each 
side  of  the  street  was  excavated,  and  a  4-in.  drain  tile  was  laid  in  same  connected 
with  the  sewers.  The  earth  excavated  from  these  trenches  was  hauled  away,  and 
the  trenches  were  refilled  with  good,  clean,  hard  burnt  cinders,  making  a  thorough 
drainage  for  the  sub-grade. 

The  contract  price  for  these  cement  pavements,  including  excavations,  was  $1.32 
per  sq.  yard. 

I  ain  changing  my  specifications  for  future  work  by  demanding  that  my  expansion 
joints  be  placed  37^  ft.  apart  at  right  angles  to  the  curb,  instead  of  2;  ft.  apart.  I 
am  also  requiring  a  softened  steel  reinforcement  plate  \  in.  in  thickness  and  2  in. 
in  depth,  to  be  anchored  back  into  the  wearing  surface;  these  steel  plates  to  be  used 
on  each  side  of  the  expansion  joint  to  protect  the  edges  of  the  pavement  at  that  point. 

The  reason  for  using  these  expansion  protection  plates  is  that  the  weakest  point 
of  a  cement  pavement  is  at  the  expansion  joints. 
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AT    HOME  AND  ABROAD. 

Under  this  heading  reliable  information  'will  be  presented  of  netu  ivorks  in  course  or 
construction  or  completed,  and  the  examples  selected  luill  be  from  all  parts  of  the  ivorld. 
It  is  not  the  intention  to  describe  these  nuorks  tn  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  ivhich  served  as  a  basts 
for  the  design. — ED. 


CONCRETE    BLOCK    COTTAGES,    KILKENNY. 

In  our  last  issue  wt-  jjublished  as  our  frontispiece  a  phcjlograph  of  six  inlcreslin<^ 
concrete  block  cottages  at  Talbot's  Inch,   Kilkenny. 

We  have  now  obtained  detailed  plans  showing  the  ground  and  first  floors,  and 
these  being  of  some  importance,  we  reproduci"  these  drawings  on  the  following  i)ag<'. 

The  cottages  have  been  erected  in  connection  with  a  further  extension  of  the  Kil- 
kenny woodworkers,  woollen  mills,  and  tobacco  plantation  industries  which  are  being 
fostered  under  the  patronage  of  the  Rt.  Hon.  Ellen  Countess  Dowager  of  Desart,  for 
whom  they  have  been  designed  and  erected  by  Mr.  F.  W.  Kiddie,  architect,  of  Talbot's 
Inch.  The  plans  show  a  most  economical  arrangement  of  rooms,  no  space  being  lost, 
the  provision  of  a  large  living  room  and  good  sized  scullery,  containing  a  bath,  being 
particularly  suitable  for  the  cottager.  It  will  be  noted  that  three  bedrooms  are  pro- 
vided. The  grouping  of  the  fireplaces  is  a  most  economical  arrangement,  as  one  set 
of  breasts  and  stacks  serves  two  houses. 

The  outside  appearance  is  most  artistic  and  pleasing,  the  contrast  afforded  by  the 
Rock  "-faced  blocks  on  the  ground  floor  and  rough  cast  on  the  first  floor,  and  again 
by  the  red  fibro  cement  tiles,  being  extremely  satisfactory. 

The  large  gabled  windows,  which  really  serve  two  cottages,  are  a  feature  which 
quite  takes  the  houses  out  of  the  commonplace  of  cottage  elevations. 

The  white-paled  fence  gives  a  clean  and  neat  finish  to  the  whole,  while  the 
"  W'inget  "  block  gate  piers  add  to  the  substantial  appearance. 

The  whole  scheme  is  a  marked  indication  as  to  the  way  Portland  cement  is  enter- 
ing into  modern  life.     The  outer  walls  are  built  with  "  ^^'inget  "  cement  blocks,   the 
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parlition  walls  with  "  Winijcl  "  ct'iiicnt  slabs,  the  lloors  of  runcrctf,  and  the  roof  with 
Hbro  cenicnL  shcclinj^  and  fibrt)  rcnK'nt  liU's. 

By  the  bye,  in  our  previous  issue  the  frontispiece  illustrating  these  c(jttatf<'s  bore 
a  wrong  reference.      'I"he  j^age  named   should   ha\e  Ix^en   p.   785. 

10,000    TON    REINFORCED    CONCRETE    COAL    POCKET. 

The  accompanying  illustration  shows  a  10,000  ton  reinforc<'d  concrete  coal  jacket  of 
the  Pacific  Mills  Print  Works,  located  on  the  south  bank  of  the  Merrimac  River  at 
South  Lawrence,  Mass.,  and  is  i)robably  one  of  the  largest  coal  pockets  ever  built  of 
concrete.  It  was  constructed  by  the  Aberthaw  Construction  Co.,  Boston,  in  accord- 
ance with  the  d(\sign  of  Lockwood,  Greene  and  Co.,  of  \hv  same  citv.  It  extends 
iiy  ft.  7  in.  to  the  east  of  the  boiler-house,  and  is  153  ft.  3  in.  in  length,  with  a  partiallv 
glazed  monitor  running  its  length  on  the  western  side  and  over  the  coal  convever 
delivery.  The  roof  is  of  5-ply  tar  and  gravel  on  3-in.  plank,  supported  by  7f-in.  square 
pine  columns,  with  S  in.  by  12  in.  and  10  in.  by  14  in.  ]jinc  columns. 


Reinforced  Con'crete  Coal  Pocket. 


The  concrete  piers  rest  on  Simplex  concrete  piles.  In  the  basement  th^re  are  six 
longitudinal  rows  of  37-in.  diameter  reinforced  concrete  columns  spaced  generally 
16  ft.  9  in.  on  centres.  These  columns  support  the  heavy  buttresses  of  the  coal-pocket 
floor,  which  slopes  from  each  column  down  to  the  cast-iron  thimbles,  through  which 
the  coal  is  discharged  to  the  cars  running  on  the  industrial  tracks  in  basement  below. 
The  coal  pocket  proper  is  about  equally  divided  lengthwise  by  a  concrete  wall,  and  it 
is  divided  across  in  thirds  by  two  other  concrete  walls. 

The  coal  is  received  from  the  railroad  cars  that  run  over  a  hopper  located  at  the 
south-west  end  of  the  pocket.  After  passing  through  the  hopper  the  coal  goes  through 
a  Hunt  coal  cracker,  and  is  automatically  emptied  into  buckets  of  a  Hunt  noiseless 
conveyor  system,  and  is  then  taken  immediately  up  to  the  roof.  The  con\eyor  driver 
is  operated  by  motor. 

The  C.  \A'.  Hunt  Co.  furnished  all  the  cord-handling  machinery  according  to 
specifications  oi  Lockwood,  Greene  and  Co. 


f  a,  COMSTCOCnONAL' 


REINFORCED  COSCRETE  CULVERT. 


REINFORCED  CON= 

CRETE      CULVERT 

AT    SPITAL.    NEAR 

CHESTERFIELD. 

The  accompan3ing  il- 
lustration shows  a  cul- 
vert in  reinforced  con- 
crete which  has  re- 
cently been  constructed 
at  Spital,  near  Chester- 
field, ijy  .Messrs.  Evans 
Bros.,  contractors,  of 
Alfreton.  This  work 
nas  been  erected  on  the 
Coignet  system. 

The  culvert,  which 
is  90  ft.  long  by  6  ft. 
internal  diameter,  was 
built  in  situ  and  in  a 
continuous  manner 
without  any  joints.  It 
is  built  in  the  course 
of  a  brook,  which  in 
ordinary  times  is  onlv 
about  I  ft.  in  depth, 
but  after  a  storm  it  is 
anticipated  that  the 
culvert  may  be  filled  to 
its  full  capacity. 

The  reinforcement 
is  composed  of  a  mesh- 
work  of  plain,  round 
bars  of  mild  steel.  The 
culvert  is  to  be  filled 
over  to  a  height  of 
15  ft.  of  earth,  and  on 
the  top  of  this  filling  a 
road  will  be  made  to 
carry  heavy  traffic. 
This  structure  will  join 
the  villages  of  Spital 
and  Haslend,  both  in 
the  borough  of  Ches- 
terfield. The  work  has 
been  erected  for  Alder- 
man C.  P.  Markham, 
of  Chesterfield,  and  is 
being  given  to  the 
town  by  him. 

A  REINFORCED  CON- 
CRETE STAIRCASE. 

We  present  herewith 
an  interesting  illustra- 
tion of  a  staircase  con- 
structed in  reinforced 
concrete,  erected  at 
the  Industrial  Exhibi- 
tion held  in  Koslin, 
Pomerania,       in       the 
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summer  of  this  year.     The  staircase  terminates  in  a  pavilion,  whicli  i^  also  constructed 
in  H'in forced  concrete. 

'I'his  is  certainly  a  remarkable  instance  of  what  can  be  done  in  this  form  of  con- 
struction, and  gives  an  excellent  indication  that,  where  steel  frame  is  not  available, 
equally  good  results  can  be  obtained  with  the  aid  of  Portland  cement  and  ordinary 
bars.  As  to  some  of  the  dimensions,  the  floor  of  the  pavilion  is  about  22  ft.  above 
ground-level,  and  the  total  height  to  the  top  of  the  pavilion  is  about  32  ft.,  and  the 
carrying  capacity   is  calculated  at   500  k.   per  sq.    m. 


A  Reinforced  Concrete   Staircase,  Koslin,  Pomerania. 


The  Staircase  was  prepared  from  a  design  of  Professor  Kohnke,  of  the  Technical 
High  School,  Danzig.  The  construction  was  carried  out  by  Messrs.  W'ayss  and 
Frevtag,  A.G.,  Berlin, 


REINFORCED    CONCRETE    OIL    MILLS.    HARBURG    (GERMANY). 

The  accompanying  illustrations  show  some  oil  mills  erected  for  the  "  Teutonia  " 
Oil  Works  in  Harburg-on-the-Elbe.  They  were  constructed  throughout  in  reinforced 
concrete.  The  length  of  the  building  is  187  ft.,  the  depth  about  42  ft.  6  in.,  and  the 
height  about  65  ft.  6  in.,  there  being  five  storeys. 

Owing  to  the  heavy  loads  that  have  to  be  carried,  it  was  necessary  to  construct  a 
network  of  beams  in  both  directions,  which  at  the  same  time  adds  considerably  to  the 
stiffness  of  the  whole  building.  All  the  walls  are  of  a  thickness  of  about  3!  in.,  with 
double  reinforcements.      One  side  of   the  building  facing   the  canal   is   furnished  with 
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REINFORCED  CONCRETE  OIL  MILLS. 


cranes  and  hoists  for  taking  b^^rge  lo<ids,  such  as  coal  and  raw  materials,  into  the 
warehouse,  while  th^e  other  side  has  a  ver\'  easy  connection  to  the  railway,  a  track 
being  carried  right  into  the  ground  floor.  The  engine-house  is  part  of  the  building, 
and  is  also  carried  out  in  reinforced  concrete.     Adjoining  the  boiler-house  (which  is  the 


next  building)  is  a  coal  silo  which  has  a  capacity  of  about  19,000  cub.  ft.  Two  flights 
of  stairs,  divided  from  the  warehouse  by  reinforced  concrete  walls  and  iron  doors, 
afford  the  means  of  communication  between  the  different  storeys.  On  the  roof  a  water 
tank  has  been  constructed.    This  tank  has  a  capacity  of  1,250  cub.  ft. 
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'I'hcsc    mills    wcr'c   ficcted    to    tiic    desij^ns    and    Miidrr    ilic    si.i|)ri'\  isioii    of    Messrs. 
("hristiani    and    Xi{'ls(Mi,    of    Haiiibiiri^'   and    C'opcnliai^iii. 


REfNfORCED  Concrete  On.  Mills.  Hauburg  (Germany). 


Reineorced  Concrete  Oil  Mills,  Harburg  (Gki-mwni.  sh-win  .  Water  Reservoir  on  Top. 
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AT  HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  -which  have  appeared  during  the  last  feiv  months. 


"  Retaining  Walls  for  Earth  :  including  the 
Theory  of  Earth-Pressure  as  developed 
from  the  Ellipse  of  Stress,  with  a  Short 
Treatlseon  Foundations,  Illustrated  with 
Examples  from  Practice."  By  Malverd 
A.  Howe,  C.E.,  Professor  of  Civil  Engineering. 
Rose  Polytechnic  Institute,  M.Am.Soc.C.E. 

London :  Chapman  &  Hall,  Ltd.  New  York  :  John 
Wiley  &  Sons.  Price  5/6  nett,  or  $1.25.  Fifth 
Edition,  revised  and  enlarfjed.  Small  8vo, 
xii  +  182  pp. 

Contents. — Theory    of    Earth    Pressure- 
Formulas    for    Earth    Pressure — Sta- 
bility of  Trapezoidal  Walls — Formulas  . 
for  Trapezoidal  and  Triangular  Walls 
— Foundations    for    Walls    Retaining 
Earth  —  Examples  —  Foundations  — 
Foundations   under  Water   and   Deep 
Foundations — List     of     References — 
Tables  —  Appendix     A  :      Reinforced 
Concrete   Retaining  \\'alls — Appendix 
B  :   Profiles  of  Gravity  Walls  Retain- 
ing Earth. 
Many    writers   have   contributed    to    the 
theory   of  earth  pressure,   and  the  list  of 
references   given   by    Prof.    Howe   in    this 
little  volume  is  formidable,  but  he  is  able 
to  show  that  all  theories  bear  a  family  re- 
semblance, and  are  ultimately  based  upon 
the  same  premises.    The  fact  that  his  book 
has  reached  a  fifth  edition  proves  it  to  be  a 
valuable  one,  and  for  students  it  gives  the 
usual   or   more    general   treatment   of   the 
problem   in   a   "  nutshell  "   almost.      This 
edition    has    been    improved    beyond    the 
former  editions  by  re-writing  and  bringing 
up  to  date  the'  notes  on  reinforced  concrete 
retaining  walls,  which  now  are  used  to  a 
very    great    extent     by     reason     of     their 
economy  over  other  types.     The  notes  on 
foundations    are    suitable   for   college   stu- 
dents  perhaps,   but   not   adequate  enough 
as  a  practical  or  indeed  a  thorough  theo- 
retical treatise  on  the  subject ;  but  after  all 
they    are    merely    a    side    issue    to    Prof. 
Howe's  main  subject — the  theorv  of  earth 
pressure.      Now  scientific  theory  is  based 
on  practice  and  experiment.     Prpf.   Howe 
gives  us  examples  of  practice  in  the  shape 
of  walls  that  have  been  built,  but  neither 
he  nor  his  authorities  have  done  enough 
experimenting.    There  have  of  recent  vears 


been  other  theories  put  forward  that  are 
fundamentally  different  from  Rankine's 
method  of  conjugate  stresses,  or  the  alter- 
native method  of  the  wedge  or  prism  of 
maximum  pressure  which  is  the  same  as 
regards  the  mathematical  basis.  The 
theories  we  refer  to  are  those  of  Mr.  Meem 
and  Mr.  Haines,  brought  before  the 
American  Society  of  Civil  Engineers  in 
1907.  They  attempt  to  account  for  ex- 
periences that  the  other  theory  does  not 
explain,  and  however  wrong  they  may  be 
deserve  attention.  Prof.  Howe  would 
do  well  not  to  ignore  such  theories  in  any 
further  edition,  but  consider  the  conditions 
to  which  they  refer,  and  if  possible  ex- 
periment and  put  forward  some  explana- 
tion. Nevertheless,  the  book  is  an  excellent 
elementary  one  on  the  subject  and  deserves 
every  commendation. 

"Transactions  and    Notes  of  the    Concrete 
Institute."    Vol.  IV.,  Part  II. 

Pablished  at  the  Ofifices  of  the  Institute.  Denison  House, 
296  Vauxhall  Bridge  Road,  Westminster, 

This  volume  contains  a  report  of  the 
Institute's  meetings  during  the  earlier 
part  of  this  year,  and  includes  papers  pre- 
sented by  Prof.  Beresford  Pite  on  the 
.Esthetic  Treatment  of  Concrete ;  Mr. 
Reginald  Ryves,  Assoc. M. Inst. C.E.,  on 
High  Dams  of  Great  Length  ;  Mr.  Maurice 
Behar  on  the  True  Bending  Moments  of 
Beams.  It  further  contains  the  Report  of 
ihe  Institute's  Tests  Standing  Committee 
on  the  Testing  of  Reinforced  Concrete 
.Structures  on  Completion.  As  we  have 
dealt  with  these  papers  at  some  length  in 
former  issues  it  is  not  proposed  to  deal 
with  them  in  detail  here.  The  volume  is 
well  illustrated. 

Among  the  announcements  in  the  Trans- 
actions we  note  that  the  membership  com- 
prises 878,  and  that  there  are  23  students 
and  9  special  subscribers.  We  also  note 
that  there  have  been  a  number  of  useful 
additions  to  the  library. 

We  would  also  like  to  draw  attention  to 
the  very  excellent  design  of  the  medal 
which  was  presented  to  Prof.  .\.  Beresford 
Pite. 
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Under  this  heading  ive  in-vite  correspondence. 


WIND    PRESSURE    ON    ROOFS. 

Sir,  Thf  arliilc  i^n  tlie  above  subject  by  Mr.  Kwarl  .S.  .\ndre\vs,  H.Sc,  in  the 
Se]jteniber  number  of  Co.ncrete  .\.\d  Constructional  Engineering  is  \(i-y  inicrotinj^, 
as  giving  a  practiciil  method  of  applying  the  principle.s  disclosed  by  the  National 
Physical  Laboratory  <-.\iKM-iments.  The  following  point,  however,  seems  to  have  been 
lost  sight  of. 

The  experiments  referred  to  determined  the  itiioisHy  of  pressure  and  suction  at 
the  centre  of  the  principal  rafters  of  the  roof  models.  Now  the  1903  experiments  tended 
to  show  that,  while  the  distribution  of  suction  over  the  leeward  rafter  is  practically 
uniform,  that  of  the  pressure  over  the  windward  rafter  is  by  no  means  so;*  that  the 
point  of  niaximum  intensity  of  pressure  is  near  the  centre  of  the  rafter,  or  a  little 
below  it ;  and  that  the  pressure  vanishes  at  the  ridge  and  decreases  materially  towards 
the  eaves.     Irminger's  experiments  many  years  before  gave  somewhat  similar  results. 

The  practical  meaning  of  this  seems  to  be  that  in  calculating  the  total  wind- 
pressure  on  the  windward  side,  some  value  less  than  15  lb.  per  foot  super  may  be 
taken;  and  the  present  writer  suggests  that  it  will  be  found  sufificiently  accurate  to 
consider  the  total  windward  pressure  to  be  uniform  over  the  rafter  at  half  the 
maximum  intensity,  i.e.,  at  75  lb.  per  foot  super. 

It  would  be  complicated  and 
unpractical  to  attempt  to  define 
exactlv  what  pressure  comes  on 
each  of  the  windward  purlins, 
and  no  great  accuracy  of  design 
\\ould  be  obtained  by  doing  so. 
All  that  is  required  is  that  the 
amount  and  line  of  action  of  the 
total  windward  pressure  should 
be  obtained  as  accurately  as 
possible.  The  division  of  this 
among  the  joints  of  the  wind- 
ward rafter  only  affects  the 
wind-stresses  in  the  members  on 
that  side  of  the  truss,  and  these 
stresses  will  be  found  to  be  so 
small  as  to  have  no  effect  on 
their   design. 

The  figures  show  the  space 
and  reciprocal  diagrams  for  the 
same  truss  as  that  worked  out 
by  Mr.  Andrews,  the  windward 
pressure  being  taken  as  yh  bv 
2y oq  by  10  lb.,  acting  at  the 
middle  point  of  the  rafter;  and 
the  table  gives  the  results  along- 
side of  those  of  Mr.  Andrews.  It  will  be  seen  that,  according  to  this  method  of 
vxorking,   the  main   tie-rod  gets  very  little  compression,   and   its  design   might  not  be 
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affected  thereby;  while  the  only  other  members  whose  desii^n  will  be  greativ  affected 
are  the  ties  C  D,  D  E,  each  of  which  must  be  capable  of  taking  1,290  lb.  compression. 

Table  Stresses  in  Thousands  of  Pounds. 
+   =  compression.  —   =  tension. 


Dead 

Wind. 

Maximum  Stress. 

Minimum  Stress. 

Member, 

Load. 

Left. 

Right. 

As  now- 
calculated. 

Mr.  Andrews 

As  now 
calculated. 

Mr.  Andrews 

A  2 

-  600 

-1-43 

-3-39 

-600 

-  6-06 

+  2-61 

+  3-65 

B  3 

-4-80 

-1-74 

-2-40 

t4-80 

-4-22 

+  2-40 

-  3-40 

C4 

-4-80 

-1-43 

-3-39 

-r4-80 

44-86 

-1-41 

-2-45 

A  0 

-5-20 

+  •83 

-5-35 

<  -5^20 

(  ----IS 

(  —5-20 

(  ^-2-28 

—4-37 

—3-36 

Do 

-3-12 

+  1-95 

-  1-95 

—312 

»  —3-12 
(  -1-13 

— 1-n 

1-13 

AB 

-rl-20 

+  ■66 

-  l-t-5 

-:   1-86 

•  2-50 

—-75 

—-73 

BC 

-^1-20 

+  •66 

-1-95 

-  1-86 

-2-50 

—•75 

—-73 

CD 

-2-08 

-120 

-  3-37 

'  -  3-28 
'    -  1-29 

1  -  4-38 
>    -  1-2S 

-1-29 

-1-25 

It  is  an  open  question  whether  the  possibility  of  the  truss  sliding  on  its  expansion 
end — so  that  the  reaction  there  is,  perforce,  vertical — should  be  considered.  It  would  not 
be  found,  however,  that  any  great  increases  in  wind-stresses  would  be  caused  thereby. 

C.  R.  Satterthwaite, 

Lieut.,  Royal  Engineers, 
Assistant  Instructor  in  Construction  School  of  Military 
Engineering,  Chatham. 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,  -with  occasional  editorial 
comment.     Authentic  neius  ivill  be  "welcome. — ED. 


The  Concrete  Institute,  Session  1912-13. — The  Concrete  Institute  announce  the 

jjiogramme  of  meetuTi^s  fur  their  fifth  session,  1912-13,  the  meetings  to  be  held  in  the 
Lecture  Hall  at  Denison  House,  Vauxhall  Bridge  Road  (close  to  Victoria  Station), 
Westminster,  S.W.,  and  called  for  7.30  p.m.  The  programme  comprises  the  following 
items  : — November  14th — Presidential  Address  by  Mr.  E.  P.  Wells,  J. P.  November 
28th — ^Paper  by  Mr.  John  M.  Theobald,  F.S.I.  (Member),  on  "  Bills  of  Quantities 
for  Reinforced  Concrete  Work."  December  12th — Papers  by  Mr.  Robert  Cathcart 
(Member)  and  Mr.  Laurence  Gadd,  F.I.C.  (Member),  on  "  The  Effects  on  Concrete  of 
Acids,  Oils  and  F"ats."  January  9th — Paper  by  Mr.  W.  Valentine  Ball,  Barrister-at- 
Law,  on  "  Concrete  in  its  Legal  Aspect."  January  30th — Paper  by  Mr.  Percival  M. 
Eraser,  A.R.I.B.A.  (Member),  on  "  Reinforced  Concrete  Factory  Buildings." 
February  13th — Paper  by  Mr.  S.  Bylander  (Member)  on  "Three  Steel-PVame  Structures 
in  London."  February  27th — Paper  by  Mr.  John  A.  Davenport,  M.Se.  (Vict.),  B.Eng". 
(L'pool)  (Member),  on  "  Economy  in  the  Design  of  Reinforced  Concrete."  March  13th 
— Discussion  of  Reports  of  the  Reinforced  Concrete  Practice  Standing  Committee  on  : 
(i)  Cracks  in  Concrete,  (2)  Surface  Treatment  of  Concrete.  March  27th — Paper  bv 
Prof.  Stephen  H.  Dixon,  M.Sc,  M..A.,  M.Inst.C.E.,  Professor  O'f  Engineering  at 
Birmingham  University  (Member),  on  "  Beams  and  Props  for  Mines."  April  loth — 
Paper  by  Mr.  E.  Fiander  Etchells,  F.Phys.Soc.  (Member),  on  "  Structural  Engineer- 
ing." April  24th — Discussion  on  Reports  of  the  Science  Standing  Committee  on  :  (i) 
A  Standard  No'tation  for  Structural  Engineering  Calculations.  (2)  A  Standard  Specifi- 
cation for  Reinforced  Concrete  ^^'ork.  (3)  Standard  Connections  and  Joints  in  Rein- 
forced Concrete.  May  8th — Paper  by  Mr.  H.  Kempton  Dyson  (Secretary)  on  "  Shear 
and  problems  arising  therefrom."  May  22nd — (4.30  p.m.),  Fourth  Annual  General 
Meeting,  followed  at  8  p.m.  by  the  Third  Annual  Dinner. 

This  programme  is  a  very  instructive  one,  and  it  alone  should  induce  manv  pro- 
fessional men  and  others  concerned  to  join  the  Institute,  apart  from  the  fact  that  it 
distributes  some  very  interesting  "  Transactions."  Students,  it  should  be  remembered, 
are  also  entitled  to  both  literature  and  attendance  at  the  lectures. 

Educational  Lectures  on  Concrete.— The  Concrete  Institute  has  very  wisely 
arranged  for  a  course  of  six  educational  lectures  on  "  Concrete  :  Its  Properties  and 
Manufacture,"  to  be  given  by  its  Secretary,  Mr.  H.  Kempton  Dyson,  who  acts  as 
lecturer  on  reinforced  concrete  and  structural  engineering  at  the  London  County 
Cc^uncil  School  of  Building,  and  has  considerable  experience  in  technical  tuition.  The 
lectures  will  be  given  in  the  Lecture  Hall  of  the  Concrete  Institute,  at  Denison  House, 
\"auxhall  Bridge  Road,  Westminster,  on  November  12th,  19th,  26th,  December  3rd, 
loth,  and  17th,  at  5.30  p.m.,  and  the  lectures  will  be  of  approximatelv  one  hour's 
duration,  and  will  be  illustrated  by  diagrams,  photographs,  specimens,  and  apparatus. 

The  syllabus  of  the  lectures  is  announced  to  be  as  follows,  and  this  mav  be  taken 
to  cover  the  subjects  under  re\iew  in  a  very  comprehensi\e  manner  : — 

The  nature,  properties,  testing,  storage  and  treatment  of  the  ingredients  of  Concrete — 

cement,  sand,  coarse  material  and  water.     Tools,  machinery  and  plant. 

Determination  of  Voids  and  Proportioning  ;  volume  of  concrete  produced. 

Making  and  putting  in  place.     Surface  treatment  and  colouring.     Forms  for  centering, 

making,  erecting  and  removing.     Machine  moulding.     Effect  of  cold  and  rainv  weather. 
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Resistance  to  compression,  tension,  shear,  abrasion,  penetration  and  bearing,  change 
of  temperature,  sound,  electricity,  permeation.  Modulus  of  elasticity,  plasticity  and 
lateral  pressure,  alteration  of  \olume  in  setting  and  hardening,  friction,  bond,  co- 
efficient of  expansion,   heat   conductivit}'.      Durability  ;   hygiene.      Applications. 

There  is  no  fee  for  the  course ;  admission  will  be  bv  ticket  obtainable  on  applica- 
tion from  the  Concrete  Institute. 

The    Cit<y   and    Guilds   of   London    Institute — Department    of    Tecttnology. — 

We  have  just  received  the  proi.;ramme  of  this  Institute  for  the  session  1912-13,  contain- 
inrt  the  regulations  for  the  classes  and  the  examination  of  the  candidates  in  tech- 
nological subjects.  We  note  with  interest  that  under  the  examination  syllabus  for 
structural  engineering,  candidates  are  expected,  inter  alia,  to  have  a  general  know- 
ledge of  the  properties  and  strengths  of  stone,  brick,  cement,  mortar,  concrete,  cast 
iron,  wrought  iron,  and  steel. 

Further,  the  final  examination  under  that  subject  includes  a  general  knowledge 
of  the  principal  systems  of  reinforced  concrete  construction  as  applied  to  buildings, 
arched  bridges,  tanks,  piles,  and  conduits.  It  also  includes  a  knowledge  of  simple 
calculations,  the  beam  theory  as  applied  to  reinforced  concrete  beams  and  floors,  and 
of  materials  and  specifications. 

Classes  in  Reinforced  Concrete  at  ttie  Nortliern  Polytectinic  Institute^ 
Holloway. — In  their  session  ic)i2-i3  the  Xorlhern  Polvtechnic  haxc  included  a  series  of 
classes  for  the  study  of  concrete  and  reinforced  concrete.  The  lectures  at  these  classes 
will  consist  of  the  following  subjects:  Manufacture  and  use  of  materials;  mechanici? 
required  for  the  subject;  theory  of  reinforced  concrete;  design  of  floors,  beams, 
columns,  walls,  etc.;  R.I.B.A.  Report  and  L.C.C.  Regulations;  making  of  beams, 
etc.,  and  testing;  lectures  illustrated  by  lantern  slides,  steel  reinforcements,  and 
models;  visits  to  works  under  construction. 

The  classes  will  be  conducted  by  Mr.  R.  Graham  Keevil,  Civil  Engineer. 

An  interesting  lecture  was  held  by  Mr.  J.  S.  E.  de  Vesian,  M.Inst.C.E.,  in  con- 
nection with  opening  of  these  classes,  on  "  Some  Recent  Typical  Examples  of  Rein- 
forced Concrete  Construction."  In  the  course  of  the  paper  Air.  de  Vesian  pointed  out 
that  when  Mr.  Mouchel  first  undertook  the  design  of  Hennebique  reinforced  concrete, 
not  a  single  example  of  genuine  reinforced  concrete  construction  was  to  be  found  in 
the  United  Kingdom,  but  since  that  time  over  1,300  structures  have  been  completed 
in  Great  Britain  and  Ireland.  The  total  number  of  structures  of  this  kind  throughout 
the  world  now  exceeds  24,000.  The  lecturer  then  went  on  to  describe  the  theoretical 
and  the  practical  sides  of  the  subject. 

TAe  Concrete  Institute's  Visit  to  Works  in  Course  of  Construction. —  By 
courtesy  of  Mr.  W.  \\'illox,  M.Inst.C.E.,  Chief  Engineer  of  the  Metropolitan  Railway, 
some  of  the  members  of  the  Concrete  Institute  paid  a  visit  to  the  Metropolitan 
Railway's  new  offices  at  Baker  Street,  and  the  reinforced  concrete  bridge  at  King's 
Cross  Station.     Of  the  latter  we  gave  particulars  in  our  October  issue. 

Regarding  the  new  ofiices  at  Baker  Street,  these  are  intended  to  supersede  the 
offices  at  Westbourne  Terrace. 

These  offices  will  have  a  front  elevation  of  140  ft.  in  length,  and  the  height  from 
foundations  to  roof  will  be  approximately  go  ft.  The  back  portion  will  have  two  wings, 
measuring  respectively  iii  ft.  in  length  by  38  ft.  in  width  and  100  ft.  by  43  ft.;  the 
latter  wing  is  connected  to  the  booking  hall  of  the  new  station  by  a  footbridge  82  ft. 
in  span,  10  ft.  wide,  and  with  a  height  of  15  ft. 

A  retaining  wall  in  reinforced  concrete,  and  of  a  length  of  152  ft.,  will  run  parallel 
to  the  front  elevation.  The  total  length  of  the  retaining  wall,  including  the  returns, 
will  be  212  ft.,  the  height  being  ^4  ft. 

The  walls  of  the  building  are  to  be  entirely  in  reinforced  concrete  of  a  thickness 
of  6  in.,  and  for  the  principal  elevation  the  wall  is  to  be  faced  with  brickwork  and 
faience. 

The  building  will  comprise  a  lower  basement,  basement,  booking-hall  floor,  ground 
floor,  first,  second,  and  third  floors,  and  a  flat  roof.  The  superloads  up  to  the  first 
floor  included  are  to  be  150  lb.  per  sq.  ft.,  the  second  and  third  being  90  lb.  per  sq.  ft., 
and  the  roof  40  lb.  per  sq.  ft.  The  total  superficial  area  of  floors  and  roof  in  reinforced 
concrete  will  be  approximately  65,000  square  feet. 
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'i'he  buildinfi  is  to  be  carried  on  concrete  stanchions  over  the  new  platforms,  the 
lowest  floor  being  level  with  the  booking  hall  of  the  new  station  ;  store  and  strong 
rooms,  and  the  heating  chamlx'r  being  at  a  lower  level  and  alongside  a  set  of  rails,  thus 
facilitating  the  handling  of  the  coal  for  heating,  and  the  stores. 

The  whole  of  the  work  is  under  the  conlrol  of  Mr.  W.  W'illox,  M.Inst.C.E.,  Chief 
Engineer  of  Metropolitan  Railway. 

The  architectural  work  has  been  designed  bv  .Mr.  Willox's  architectural  assistant, 
Mr.  C.  W.  Clark,  A.R.I.B..\.,  P.A.S.I.;  and  Mr.  O.  G.  C.  Drury,  A.M.I.C.E.,  is  the 
resident  engineer.     The  reinforced  concrete  work  is  on  the  Coignet  system. 

By  the  courtesy  of  Messrs.  Drew,  Bear,  Perks,  some  of  the  members  of  the 
Institute  also  visited  that  firm's  steel  works  at   Battersea  last  month. 

Reinforced  Concrete  Lining  to  Mine  Shafts. —  What  is  stated  to  be  an  entirely 
new  application  of  reinforced  concrete  construction  has  recently  been  carried  out  at 
the  Plenmeller  Collieries,  Haltwhistle,  Northumberland,  by  Mr.  T.  Blandford,  the 
engineer  to  the  colliery  company,  who  has  adopted  the  system  for  lining  two  new- 
shafts,  instead  of  the  usual  brick  lining,  segmental  slabs  of  concrete  reinforced  with 
expanded  steel  being  used.  These  slabs,  which,  says  the  Joitnia]  of  the  Society  of  Arts, 
were  cast  in  moulds  on  the  site,  were  made  of  a  size  (3  ft.  i  in.  by  i  ft.  6  in.)  con- 
venient for  handling,  and,  after  being  allowed  to  season,  were  lowered  into  the  shaft 
and  fixed  in  position.  The  lining  of  the  shaft  with  such  slabs  was  completed  to  a 
depth  of  12  fathoms  some  time  ago,  and  it  has  since  been  used  under  ordinary  working 
conditions.  It  is  reported  as  having  proved  economical  in  construction  and  satisfactory 
in  use;  so  that  further  lining  of  a  similar  nature  is  now  in  progress.  The  slabs  are 
5  in.  in  thickness,  and  are  reinforced  near  the  concave  face  with  expanded  steel,  which 
has  a  cross-sectional  area  of  "25  of  a  square  inch  per  foot  of  width  short-way  of  mesh. 
The  slabs  are  tongued  and  grooved  on  edges  to  allow  of  their  fitting  and  keying  inte 
each  other,  the  joints  being  filled  with  cement  grout  to  make  the  segments  a  mono- 
lithic cylinder  when  placed  in  position.  A  hole  was  left  in  each  slab — about  i  in.  in 
diameter  on  the  concave  face,  and  slighth'  larger  on  the  convex  face — to  allow  of  their 
being  slung  and  lowered  into  position,  as  well  as  to  serve  as  an  inlet  for  cement  grout 
to  be  injected  into  the  concrete  filling  behind  them  after  the  slabs  had  been  fixed  in 
position.  The  lining  of  the  shafts  was  completed  through  water-bearing  strata  which 
had  been  previously  treated  by  the  Francois  method  of  cementation,  and  the  cavitv 
between  the  reinforced  concrete  lining  and  the  face  of  the  strata,  left  in  the  process  of 
sinking  the  shafts,  was  filled  with  ordinary  concrete  to  a  thickness  of  9  in.  behind  the 
lining  during  the  course  of  the  fixing  of  the  lining;  this  concrete  being  finally  filled  up 
solid  by  injection  through  the  lining  with  cement  grout,  thus  making  it  watertight. 
It  is  said  that  the  new  lining  possesses  certain  advantages  over  the  ordinarv  brick 
lining,  as  being  more  watertight,  and  as  not  requiring  any  outlay  in  upkeep  once  the 
work  is  completed. — Page's   ]]'cehly. 

Waterproof  Concrete. —  Some  tests  carried  out  by  the  United  States  Geological 
Survey  and  the  Bureau  of  Standards  on  Portland  cement  in  order  to  determine  its 
permeability  to  water  show  that  the  concrete  is  less  permeable  in  the  case  of  mixtures 
rich  in  cement,  and  that  the  permeability  increases  with  age.  The  permeabilitv,  how- 
e\er,  is  not  dependent  entirely  on  the  quantity  of  cement  used,  but  is  also  affected  bv 
the  ratio  of  coarse  to  fine  aggregate  employed,  for  concrete  made  with  a  sand  contain- 
ing a  large  percentage  of  fine  materials  was  less  permeable  than  that  made  with  larger 
particles.  In  general  the  experiments  have  shown  that  Portland  cement 
niortar  and  concrete  may  be  made  practically  waterproof  at  any  hydrostatic 
head  up  to  40  ft.  without  the  use  of  any  "  integral  "  waterproofing  materials, 
of  which  about  fortv  different  kinds,  purchased  in  the  open  market,  w-ere  tested.  But 
in  order  to  obtain  such  impermeable  concrete  considerable  care  should  be  exercised  in 
selecting  good  materials  as  aggregates  and  in  proportioning  them  in  such  a  wav  as 
to  obtain  a  dense  mixture  which  shall  be  sufticiently  wet  to  enable  it  to  be  puddled 
and  to  allow  the  particles  to  flow  in  position  without  being  tamped.  The  addition  of 
waterproof  compounds  does  not  compensate  for  lean  mixtures,  for  poor  materials,  or 
for  inefificient  mixing,  nor  do  they  have  much  effect  on  permeability.  None  of  the 
compounds  reduced  the  absorption  materially  before  the  samples  were  dried  bv  heating 
at  212  degrees  P.,  but  some  did  decrease  the  absorption  after  the  samples  were  so  dried. 
None  seriously  affected  the  compressive  or  tensile  strength  in  the  quantities  used  in  the 
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tests,  but  the  addition  of  inert  void  fillers  up  to  20  per  cent,  of  the  volume  of  the  cement 
increased  the  compressive  strength. — Times. 

Ammonia  Tanks  of  Reinforced  Concrete.— According  to  the  Tonindustrie 
Zeitung.  little  has  hitherto  Ixn-n  published  on  the  use  of  concrete  tanks  for  the  storage 
of  ammonia.  Ammonia  when  combined  with  acids  attacks  the  concrete,  as  in  the  case 
of  sulphate  of  ammonia;  and  many  works'  effluents — such  as  those  from  artificial 
manure  works,  salt  works,  sulphuric  acid  and  hydrochloric  acid  factories,  ammonia 
works,  and  galvanising  works — also  attack  concrete.  It  is,  however,  reported  from 
America  that  in  the  year  1909  two  tanks  for  the  gasworks  at  Ann  Arbor,  in  Michigan, 
were  constructed  of  reinforced  concrete,  and  that  up  to  the  present  they  have  behaved 
well  and  are  quite  sound.  The  tanks  are  superposed,  the  larger  being  40  ft.  bv  10  ft., 
and  the  smaller  30  ft.  by  8  ft.  Both  were  13  ft.  deep.  The  available  capacity  of  the 
larger  one  is  23,000  gallons,  and  of  the  smaller  14,000  gallons.  The  soil  was  a  shifting 
sand,  from  which  the  water  was  pumped  during  construction.  The  outer  layer  of 
concrete  was  2  in.  thick,  the  ballast  or  filling  being  not  larger  than  2-5  in.  After 
scraping  and  cleaning,  the  inner  walls  were  rendered  with  a  mixture  of  one  part  of 
cement  to  two  of  sand.  Both  the  bottom  and  sides  were  reinforced  crosswise  with 
iron. — Journal  of  Gas-Lighting. 

Laying  Concrete  During  Frost. —  Interesting  particulars  are  given  bv  the 
Municipal  Journal,  of  New  York,  of  a  system  of  laying  concrete  in  freezing  weather. 
Th?  account  is  contributed  by  Mr.  E.  H.  Collins,  city  engineer  of  Liberty,  Mo.  He 
says  : — "  The  contract  called  for  the  pavement  to  be  finished  on  or  before  November 
15th,  but  freezing  weather  set  in  unusually  early,  and  on  November  ist  there  still 
remained  to  be  placed  about  1,200  ft.  of  street,  or  4,000  sq.  yds.  of  pavement.  It 
seemed  very  desirable  to  clean  up  the  street,  and,  consequently,  concrete  was  placed 
whenever  opportunity  offered  and  it  was  not  too  cold,  5  lb.  of  salt  to  the  barrel  of 
cement  being  placed  in  the  wearing  surface  mortar,  and  the  dav's  work  being  covered 
each  evening  with  bedding  straw  and  litter  from  livery  barns.  The  sub-grade  was  also 
kept  covered  with  the  same  kind  of  material  to  keep  it  from  freezing,  this  material 
being  removed  immediately  ahead  of  the  concrete  and  the  ground  swept  clean."  The 
writer  adds  : — "  In  order  to  test  the  effect  of  freezing  on  this  construction,  some  forms 
were  made  8  in.  by  12  in.  by  6  in.  deep,  which  were  filled  with  concrete,  and  these 
blocks  left  on  the  street  until  it  was  opened  for  traffic ;  and,  although  the  mercury 
went  down  nearly  to  zero  during  some  of  the  nights  following  the  placing  of  the 
concrete,  these  samples  showed  up  as  strong  as  samples  taken  in  October,  the  salt  and 
manure  apparently  having  saved  the  concrete;  and  at  this  date  the  pavement  gives  no 
evidence  of  weak  spots  and  not  a  crack  can  be  found,  although  we  have  just  passed 
through  the  most  severe  winter  we  have  had  in  twenty  years."  The  following  is  a 
description  of  the  manner  in  which  the  pavement  was  constructed  : — "  The  sub-grade 
was  thoroughly  rolled  with  a  heavy,  roller  to  a  compact  surface  and  a  5-in.  concrete 
base  placed  thereon,  composed  of  i  part  Portland  cement,  2h  parts  sand,  and  5  parts 
broken  stone,  or  i  part  cement,  2  parts  sand,  and  5  parts  coarse  Joplin  grit,  '  with 
sufficient  water  to  make  a  concrete  of  such  consistency  that  when  rammed  the  mass 
will  not  shake,  but  will,  when  struck,  compact  within  the  area  of  the  face  of  the 
hammer  without  displacing  the  material  laterally.'  This  concrete  was  rammed  until 
free  moisture  appeared  on  the  surface,  and  a  wearing  surface  was  immediately  placed, 
consisting  of  i  in.  of  mortar  composed  of  i  part  cement  and  2  parts  sand.  This 
wearing  surface  was  steel-troweled  and  finished  with  a  wood  float,  and  before  it  had 
hardened  was  brushed  with  a  stiff  brush  or  broom  where  the  engineer  directed.  The 
f  avement  was  left  in  a  finished  condition  every  evening,  even  if  the  finishers  had  to 
work  overtime." 

Reinforced  Concrete  Wlidrf  and  Jetty  at  Port  Talbot  Doclcs,  Soutti  Wales.— 
— The  Port  Talbot  Railway  and  Dnck>  Company  have  recently  received  schemes  and 
lenders  on  several  of  the  principal  systems  of  reinforced  concrete  for  a  wharf  and  jetty 
for  Port  Talbot  Docks. 

After  careful  investigation  of  the  various  competitive  schemes  by  Mr.  W.  Cleaver, 
M.I.C.E.,  engineer  of  the  company,  it  was  decided  to  accept  the  tender  presented  by 
Messrs.  Watt  Bros.,  of  Cardiff,  licensees  of  the  Coignet  system. 

The  scheme  comprises  a  jetty  for  coal  belt-tipping  appliance,  having  a  frontage  of 
65  ft.  and  a  width  of  45  ft.,  the  deck  being  supported  bv  three  rows  of  piles. 
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The  wharf  has  a  frontage  of  600  ft.  length  with  a  width  of  45  ft.,  and  approaches 
145  ft.  long  at  each  end.  The  deck  in  this  case  is  supported  by  four  rows  of  piles 
strongly  braced  together.  The  permanent  depth  of  water  in  each  case  is  32  ft.,  with 
decks  about  7  ft.  above  the  permanent  water  level.  The  work  has  been  calculated  to 
carrv  three  railway  lines  for  heavy  locomotives  and  one  crane  road. 

The  scheme  for  the  reinforced  concrete  work  has  been  prepared  by  Messrs. 
Edmond  Coignet,  Ltd.,  of  Westminster. 

Santos  Drainage  System.— The  six  canals  which  will  form  the  new  surface 
drainage  system  of  Santos  are  being  constructed  entirely  of  reinforced  concrete.  The 
first  three  "are  completed,  and  the  fourth  is  now  in  course  of  construction.  The  other 
two  have  not  yet  been  commenced. 

TRADE  NOTICES. 

Concrete  Pipe  Stamping  Machines. — The  accompanying  illustration  shows  a 
concrete  pipe  stamping  machine.  The  machine  is  simple  in  construction,  consisting 
of  three  parts  :  (a)  a  revolving  slab,  (b)  a  metal  upper  frame,  and  (r)  a  metal  under- 
frame.  The  stamping  of  the  pipes  is  done 
automaticallv  by  means  of  very  rapid  short 
strokes,  and  the  only  manual  labour  involved 
is  the  placing  of  the  cement  into  the  form. 

The  makers  claim  that  the  initial  cost  of 
installation  will  repay  the  manufacturer  by 
the  increased  turnover  he  will  obtain  in  using 
the  machines,  as  also  in  the  saving  of 
materials  and  labour.  It  is  stated  that  the 
pipes  produced  by  this  machine  are  able  to 
resist  a  considerably  higher  pressure  test 
owing  to  their  homogeneity,  a  quality  which 
it  is  not  possible  to  obtain  in  hand-made 
pipes.  The  machines  can  be  easily  installed 
and  put  into  action  by  the  manufacturer. 
They  are  made  in  three  sizes,  and  require 
2  h.'p.  for  working  them.  Full  particulars 
and  prices  can  be  obtained  from  Ferd. 
Wienberg  Engineering  Works,  Copenhagen, 
Denmark. 

T/ie   Locii   Woven  Mesli  System.        A 

verv  interesting  booklet  has  recently  been 
published  by  Messrs.  George  F.  W-est  and 
Co.,  of  Caxton  House,  Westminster,  S.W., 
regarding  the  above  method  of  reinforcement. 
The  booklet  is  not  only  well  illustrated,  but 
contains  much  useful  information.  Consider- 
able space  has  been  devoted  to  questions  such 

as  materials  and  specifications,  and  the  booklet  also  contains  a  number  of  useful  tables 
and  calculations.     It  can  be  obtained  from  Messrs.  West  at  the  above  address. 

Constable  &  Co.,  Ltd.— We  would  refer  our  readers  to  a  highly  interesting 
article  on  the  "  Modern  Railway  Terminal,"  which  appears  in  Scribner's  Magazine  for 
October.  The  journal  is  published  ..v  Messrs.  Constable  and  Co.,  Ltd.,  10,  Orange 
Street,  W.C. 

ENQUIRIES. 

Dear  Sir,— For  some  time  past  I  have  been  trying  to  find  out  the  temperature  at 
which  Portland  cement  sinters,  and  more  especially  to  know  if  it  can  be  melted,  and 
if  so,  at  what  temperature? 

From  reading  the  literature  on  the  subject  I  have  not  been  able  to  learn  whether 

il  melts  or  not. 
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If  _\H)u  could  kindly  furnisli  me  with  answers  to  any  or  all  of  the  above  questions  I 
shall  be  very  grateful. 

Thanking  you  in  anticipation  of  a  reply, 

I  remain,  yours  faithfullv,  ('.    V.   \\  . 

Hie  Editor,  Concrete  and  ("onstructional  Engineering. 

Reply. — The  temperature  at  which  Portland  cement  of  normal  composition  vitrifies, 
or  sinters,  ranges  between  1300  and  1450°  centigrade,  the  exact  temperature  being 
governed  largely  by  the  ratio  of  the  acid  contents  present  in  the  raw  material  ;  all  the 
lime-silica  compounds  fuse  above   1450°  centigrade. 

For  further  particulars  on  this  subject  reference  should  be  made  to  the  works  of 
Messrs.  Day  and  Shepherd,  of  the  Carnegie  Institute,  Washington,  who  have  done 
considerable  work  in  this  field  of  inquiry. 


EDITORIAL   MEMOS.  PUBLISHER'S    NOTICES. 

CONTRIBUTIONS.-Original  contributions  and  DATES  OF  ISSUE.-This  Journal  is  issued 
illustrations  are  specially  invited  from  engineers,  Monthly.  For  Advertisement  Rates  apply  to  Pub- 
architects,  surveyors  chemists,  and  others  engaged  Hsher.  Matter  fordisplayedadvertisementsrequired 
in  practical  or  research  work.  MSS.  should  be  written  by  12th  of  month  prior  to  subsequent  issue,  for 
on  one  side  of  the  paper  only,  giving  full  name  and  Wants  column  by  18th. 
address  of  the  author. 


The  copyright  of  any  matter  accepted  for  pub- 
licatioii  is  vested  solely  in  the  proprietors  of    the  SUBSCRIPTION   RATES  (Prepaid.-Post  free), 

journal  to  be  used  in  any  form  they  think  fit,  unless  ,~       .    r>  ■..   ■        .u      ,-  1      •  j       n     r-       • 

there  be  a  special  arrangement.  ^reat    Britain     the    Colonies,    and     all     Foreign 

MSS.  and  drawings  or  photographs  are  sent  in   at  countries.     1  2/6  per  annum. 
the   author's  risk.      Every  effort  will,  however,  be  The  Triennial  Subscription  is  35/- (three  years), 

made  to  return  unsuitable  communications.  Addre=s  remittances  to  Concrete  Publications.  Ltd. 

General  Offices  :  Telegraphic  Address  :  "  Concretius  London." 

North    British   and    Mercantile   Building,  Telephone  No.:  6577  Gerrard. 

Waterloo    Place,    London,    S.W. 

Agents. — For  Australia:  Messrs.  Gordon  and  Gotch.  For  South  Africa:  The  Central  News  Agencv,  Ltd. 

For  Canada:    The  Toronto  News  Company  and  the  Montreal  News  Company. 


BRITISH  IMPROVED  CONSTRUCTION  CO. 

Telephone:      4067  Victoria.  LTD.  Telegrams:    "  Biconcrete,  Vic.  London.  ' 

"  B  I  C  '' 
47    VICTORIA    STREET,    WESTMINSTER,    S.W. 

Manufacturers  of  all  kinds  of 

Concrete    Constructional    Materials 

(Plain  or  Reinforced) 

Including  PIPES,  PARTITION  AND  PAVING 
SLABS,  SLEEPERS,  STANDARDS  &  POWER 
TRANSMISSION  POLES,  HOLLOW  BEAMS 
AND  FLOORS,  FENCING  POSTS,  etc..  etc., 
by    the     well-known     "JAGGER"      PROCESS. 

Engineers     and    Contractors     Own     'Designs     carried   out    to    order 

SPECIALITY. — Reinforced  Concrete  Pipes  for  High  Pressures,  abso- 
lutely Impermeable.     Our  Concrete  weighs  156  lbs.  per  cubic  foot. 
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Volume  VII.     No.  12..  London,  December,  1912. 

EDITORIAL    NOTES. 


THE    RESPONSIBILITY    OF    THE    LONDON    COUNTY    COUNCIL    AS    TO 
SAFETY    OF    LIFE    FROM    FIRE. 

Ix    1905    ihe    London    County    Council    olMainecl     an    .Vmcndment    Act    to    the 

Londoji  Building  Act,  witli  the  view  of  safeguarding-  the  public  from  tire,  and 

this  Amendment  Act  gives  the   Council  certain  useful  powers  as   to  means   of 

escape  and  other  matters  having  direct  bearing  on  the  safety  of  life  in  a  large 

number  of  the  older  buildings  in  London. 

The  Amendment  Act — which  was  well  thought  out,  and  thoroughl\-  dis- 
cussed in  Committee  in  the  House  of  Commons  before  it  was  placed  on  the 
Statute   Book — is    in    many   WMys  an    excellent    measure. 

This  Act,  as  has  been  indicated,  has  now  been  on  the  Statute  Book  for 
no  less  than  seven  years,  and  allowing  a  year  for  all  the  preliminarv  routine 
measures  that  had  to  be  taken  upon  its  adoption,  there  have  been  at  least  a 
solid  six  years  in  which  active  work  could  have  been  done  energetically  and 
extensively  under  its  rights.  As  a  matter  of  fact,  the  buildings  that  come 
under  this  Act  ha\e  been  carefully  scheduled,  and  we  speak  with  authority 
when  we  say  that  no  less  than  fifty  thousand  buildings  were,  as  a  matter  of  fact, 
scheduled  as  requiring  the  attention  of  the  London  County  Council  under  its 
new  powers.  But  of  these  fifty  thousand  buildings  less  than  fifteen  hundred 
cases  have  been  energetically  pressed,  and,  if  we  a^^e  rightl}-  inhjrmed,  under 
six  hundred  have  been  remedied. 

To  put  it  quite  bluntly,  in  the  six  working  years  that  ha^■e  passed  over 
49,000  buildings  have  failed  to  receive  that  attention  which  is  rec|uired  in 
the  interests  of  public  safety. 

This,  to  our  mind,  is  one  of  the  gravest  scandals  in  the  annals  of  the 
London  County  Council,  and  we  here  speak  of  that  body  in  its  corporate 
capacity,  and  its  Building  Act  Committee  in  particular. 

We  exempt  from  all  possible  blame  th^  permanent  officials  of  the  Council, 
that  is  to  say,  their  admirable  Superintending  Architect,  Mr.  Riley,  and  his 
two  chief  assistants  concerned  in  Building  Act  matters — viz.,  Mr.  Capon  and 
Mr.  Stransome.  These  gentlemen  were  the  primary  advisers  in  the  drafting 
of  the  Building  Acts  Amendment  Act,  and  it  is  Vvcll  known  that  they  have  the 
safety  of  the  public  at  heart.  The  safety  of  London  has  been  increased 
materially  under  Mr.  Riley's  regime,  and  we  consider  that  it  is  disgraceful 
ihat  he  should  not  have  been  accorded  the  necessary  staff  and  the  necessary 
facilities  arid  active  encouragement,   to  carry  out  the  work  that  it  is  the  duty 

B  871 


LONDON  COUNTY  COUNCIL.  [OQNCRETE 

of    the    Council    lo    see    duly    executed,    and    which    would    enable    him    to    put 
London  more  properly  in  order  from  the  fire  point  of  view. 

The  matter  is  of  such  serious  gravity  ihat  a  copy  of  this  journal  will 
be  transmitted  by  registered  post  to  every  member  of  the  London  County 
Council,  so  that  there  may  be  no  future  excuse  as  to  the  matter  having 
escaped  the  notice  of  anv  one  member.  We  shall  also  send  a  copy  to  each 
magistrate,  coroner,  and  other  public  officials  concerned,  so  that  the  Council's 
role  in  this  matter  may  be  properly  appreciated. 

Perhaps  this  may  lead  to  the  Superintending  Architect  being  authorised 
to  carry  out  the  necessary  work  with  his  wonted  thoroughness  and  promptitude. 
If  not,  there  will  be  no  difficulty  in  future  to  allot  the  blame  when  fatalities 
occur  in  buildings  that  do  not  show  efficient  safeguards. 

BELGIAN  CEMENT. 
Ix  a  recent  issue  of  a  financial  contemporar}-  there  appeared  a  paragraph  headed 
"  Belgian  Cement  Increasing  its  Hold  on  the  World's  Markets."  As  we  are 
not  in  the  secrets  of  its  Editor's  sanctum  we  have  no  knowledge  of  the  origin 
of  the  paragraph  referred  to,  but  would  hazard  a  guess  that  somebody 
interested  in  the  sale  of  this  commodity  furnished  the  data  on  which  this  notice 
was  founded,  and  it  is  fairly  obvious  that  the  Editor  himself  was  quite 
unfamiliar  with  what  has  been  going  on  in  the  cement  world  this  year.  As  the 
figures  undoubtedly  reveal  a  considerable  increase  in  the  Belgian  exports  of 
cement  during  the  first  nine  months  of  191 2,  it  is  not  surprising  that  anyone 
unacquainted  with  all  the  circumstances  should  see  in  them  strong  evidence  of 
\irility  in  the  Belgian  cement  trade,  but  without  wishing  to  depreciate  the 
importance  of  this  phase  of  Belgian  industry,  it  is  desirable  to  place  it  in  its 
true  perspective  lest  it  should  be  thought  that  our  English  cement  makers  are 
falling  behind  in  the  race  for  supremacy  in  the  world's  markets. 

The  facts  are  that  not  only  in  this  country,  but  generally  throughout  the 
world,  the  consumption  of  cement  is  steadily  increasing.  New  uses  are  being 
found  for  cement  from  day  to  day,  and  the  growing  popularity  of  reinforced 
concrete  for  constructional  purposes  continually  strengthens  the  demand. 
Although  new  works  are  gradually  springing  up  in  countries  which  have  until 
recently  depended  entirely  on  Europe  for  their  cement  supplies,  the  European 
exports  of  cement  to  the  British  Colonies,  to  India,  and  especially  to  South 
America  have  been  growing  rapidly  during  the  past  three  years.  A  careful 
comparison  of  the  export  statistics  for  the  three  great  exporting  countries 
during  these  three  years  shows  that  England  led  the  way  in  1910  and  191 1. 
Her  exports  of  cement,  despite  the  fact  that  freight  rates  from  London  were 
often  higher  than  from  Antwerp  or  Hamburg,  increased  more  than  the  exports 
from  either  Belgium  or  Germany.  It  was  not  until  the  English  cement 
industry  became  paralysed  by  the  great  strikes  of  1912  that  she  lost  her  leading 
place  in  the  race.  For  almost  three  months  out  of  the  nine  the  great  cement 
industry  of  the  Thames  and  Medway  was  brought  to  a  complete  standstill. 
The  coal  strike  of  March  led  to  an  exhaustion  of  fuel  supplies,  and  before 
arrears  of  deliveries  could  be  brought  level  again  the  works  were  once  more 
paralvsed  bv  Tne  Transport  Workers'  strike,  and  for  weeks  on  end  not  a  wheel 
was  turning  in  the  mills.  It  is  computed  that  the  loss  of  output  caused  by  these 
872 


(»,03NSTRUCT10NAU  BELGIAN   CEMENT- 

two  strikes  amounted  to  no  less  than  400,000  tons  on  the  Thames  and  Medway, 
whence  almost  the  whole  of  the  British  export  trade  in  cement  is  carried  on. 

Not  only  were  the  London  cement  makers  unable  during-  the  strike  periods 
to  supply  their  export  customers,  but  thev  were  unable  even  to  supplv  the  home 
trade.  Thoug-h  consumers  as  a  whole  were  considerate,  they  were  not  all 
conten'  to  wait,  nor  to  see  important  work  brought  to  a  standstill  without  a 
desperate  effort  to  obtain  cement  elsewhere.  In  the  end  the  German  and 
Belgian  cement  makers  reaped  the  benefit  of  the  industrial  warfare  in  our  midst. 
They,  and  the}-  alone,  were  able  to  supply  cement  to  those  foreign  markets  which 
had  obtained  their  cement  supplies  from  London,  and  the  trade  was  diverted 
to  them,  not  by  any  superiority  of  their  products,  but  solely  by  reason  of  the 
temporarv  extinction  of  British  competition.  Of  course  their  exports  increased. 
It  was  not  even  necessary  for  them  to  bestir  themselves.  Like  Matthew,  they 
needed  only  to  sit  at  the  receipt  of  custom  and  supply  cement  to  the  hungry 
consumers  who  came  thundering  at  their  doors  demanding  anything  and  every- 
thing which  bore  the  name  of  "  cement,"  regardless  of  quality  and  almost 
regardless  of  price.  Not  only  to  foreign  markets,  but  also  to  the  L'nited 
Kingdom  itself,  cement  was  shipped  from  Hamburg,  Antwerp,  and  Rotterdam 
in  haste  and  brought  into  use  without  preliminary  tests  of  any  sort.  Anything 
was  better  than  nothing  when  the  choice  lay  between  buying  abroad  and  a 
com.plete  stoppage  of  work,  with  all  its  attendant  inconveniences  and  loss.  The 
imports  of  cement  into  the  United  Kingdom  rose  from  a  monthly  average  of  less 
ihan  4,000  tons  during  the  first  quarter  of  the  year  to  one  of  about  8,000  during 
the  second  quarter,  then  jumped  up  suddenly  to  24,544  tons  in  July  and  22,707 
tons  in  August,  but  fell  to  12,663  tons  in  September  and  10,194  tons  in  October. 
People  no  longer  wanted  the  foreign  article  when  the  Thames  and  Medway 
works  got  once  more  into  full  swing,  and  could  resume  deliveries  both  at  home 
and  abroad. 

Before  leaving  the  subject  it  will  be  well  to  remind  our  readers  of  what 
has  already  been  alluded  to  in  our  columns — viz.,  the  true  character  of  the 
so-called  "  Best  Portland  Cement  "  sent  into  the  L'nited  Kingdom  from 
Belgium.  Good,  genuine  artificial  Portland  cement  is  undoubtedly  produced  in 
Belgium,  but  is  usually  no  cheaper  than  the  genuine  Portland  cement  produced 
in  Great  Britain.  The  Belgian  producers  of  the  genuine  article  have  been  fully 
occupied  throughout  the  year  with  the  supply  of  their  normal  export  market 
and  of  the  many  important  undertakings  now  going  on  in  their  own  land.  The 
great  alterations  in  the  dock  and  wharf  accommodation  of  Antwerp  are  con- 
suming large  quantities  of  genuine  cement,  and  so  also  are  the  new  fortifications 
which  will  replace  those  destroyed  or  rendered  obsolete  by  the  port  works  in 
question.  The  increased  Belgian  exports  to  Great  Britain  have  not  consisted  of 
genuine  Portland  cement,  except  to  an  infinitesimal  degree.  The  increase  is  in 
the  import  of  that  material  which  is  known  in  the  trade  as  "  Natural  Cement," 
is  notoriously  inferior,  utterly  unreliable,  and  often  e\'en  dangerous.  The 
prudent  professional  man  will  never  allow  its  use  on  works  under  his  control. 
Natural  cement  is  nothing  more  than  hydraulic  lime,  and  goes  through  nothing 
more  complicated  in  the  course  of  its  manufacture.  There  is  no  careful  mixing 
of  two  separate  raw  materials,   with  all  the  refinements  of  scientific  control  at 
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everv  stag"e  of  the  process  and  at  e^•ery  hour  of  the  da\-  in  order  to  remedy  the 
ever-present  variations  in  the  chemical  composition  of  the  limestones,  shales, 
clays,  marls,  etc.,  employed,  and  secure  a  uniform  chemical  composition  of  the 
resulting  product,  h\  which  alone  a  uniform  quality  can  be  obtained.  The  rock, 
which  varies  greatly  in  its  chemical  composition  and  is  usually  deficient  in  lime, 
is  taken  just  as  it  comes  from  the  quarry,  burned  and  ground  exactly  as  if  it 
were  to  be  sold  as  "  Hydraulic  Lime."  Indeed,  much  of  it  is  sold  under  that 
name  in  its  own  country.  But  the  wily  \endor  is  keenly  alive  to  the  value  of  a 
name,  and  knows  bv  experience  that  many  persons  who  would  not  touch  it 
under  that  description  will  buy  readily  enough  if  it  be  sold  as  "  Portland 
Cement,"  or  "  Best  Portland  Cement,"  and  to  give  an  extra  touch  of  realism, 
he  packs  it  in  a  cask  exactly  like  that  used  for  genuine  Portland  cement,  is  ever 
ready  to  attach  any  label  preferred  by  the  purchaser,  and  more  often  than  not 
he  prints  his  label  in  the  English  language,  calls  his  firm  by  an  English  name, 
and  does  everything  he  can  to  make  the  guileless  consumer  imagine  he  is 
buying  genuine  artificial  Portland  cement  produced  by  British  makers,  whose 
reputation  throughout  the  world  still  stands  as  the  surest  guarantee  of  high  and 
reliable  quality. 

Stimulated  by  the  cement  famine  created  in  the  United  Kingdom  by  the 
great  strikes  of  the  present  year  and  the  temporary  paralysis  of  the  great 
centre  of  the  English  cement  industry,  the  agents  of  the  Belgian  producers  of 
"  Natural  Cement  "  have  undoubtedly  been  able  to  place  more  of  this  inferior 
material  on  our  home  market,  and  tlie  possibilitv  of  making  a  higher  profit  on 
its  re-sale  has  undoubtedly  tempted  certain  builders'  merchants  to  push  it  more 
actively  than  during  the  last  few  years,  but  these  facts  make  it  necessary  for 
engineers  and  architects  to  exercise  special  vigilance  to  prevent  its  substitution 
for  the  genuine  article. 
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rw'^ru/;.^    MESSRS.     PEEK,     FREAN 
&  CO/S  FACTORY 
EXTENSION. 


By  ALBERT  LAKEMAN. 


The  extension  to  Messrs.   Peek,  Frean's  factory  contains  many  interesting  features, 
andiue  give  some  particulars  of  same  in  the  follotving  article. — ED. 


The  extension  of  Messrs.  Peek,  Frean  &;  Co. 's  factory  consists  of  a  new 
building  in  Keetons  Road,  which  occupies  a  site  measuring  about  128  ft.  by 
50  ft.,  and  it  has  six  floors  in  all,  including-  a  basement.  Althoug-h  the  external 
walls  are  of  brickwork,  the  main  constructional  features  are  of  reinforced  con- 
crete ;  in  fact,  it  may  be  said  that  the  latter  material  has  been  used  as  far  as 
the  present  Building  Acts  will  allow  of  its  employment  in  such  structures. 
The  adoption  of  reinforced  concrete  enabled  a  considerable  saving  to  be  made 
in  the  cost  of  the  building,  and  it  was  chiefly  on  this  account  that  it  was 
employed  apart  from  its  eminent  suitability  for  a  structure  of  this  nature.  The 
general  disposition  of  the  building  will  be  seen  in  Fig.  i,  which  is  the  plan  at 
the  first-floor  level.  In  addition  to  the  accommodation  shown  on  this  plan 
extensive  storage  and  packing  rooms  are  provided,  also  showrooms,  drawing 
office,  chief  engineer's  room,  and  other  offices,  while  the  top  floor  is  utilised  as 
an  experimental  and  chemical  laboratory.  The  new  building  is  connected  to 
one  of  the  existing  blocks  by  means  of  a  bridge,  which  is  also  in  reinforced 
concrete,  as  subsequently  described.  The  total  height  from  the  basement  floor 
level  to  the  roof  is  about  70  ft.  for  the  main  portion  of  the  building,  while  a 
yard  is  provided  under  the  lower  portion  of  the  building,  as  indicated  in  Fig.  2, 
which  shows  the  east  elevation  of  the  new  portion. 

The  type  of  foundation  employed  is  illustrated  in  Fig.  3,  the  area 
covered  in  this  particular  example  being  19  ft.  by  11  ft.  6  in.,  and  the  method 
being  practically  that  of  a  double  cantilever,  with  a  projection  below  the  slab. 
The  thickness  of  the  slab  is  2  ft.  4  in.,  and  this  is  reinforced  with  Moss  bars  and 
stirrups,  the  latter  being  spaced  at  distances  varying  from  6  in.  to  gj  in.  centres 
in  the  lower  surface.  The  main  cantilever  or  rib  projects  2  ft.  2  in.  below  the 
slab  and  has  a  maximum  width  of  3  ft.  6  in.  and  a  minimum  of  2  ft.  6  in.,  with 
reinforcement  consisting  of  Moss  bars  and  stirrups.  This  foundation  carries 
the  load  from  two  columns  and  is  a  strong  and  economical  form  to  employ. 

The  columns  are  square  in  section,  and  some  typical  details  are  illustrated 
in  Fig.  4.  It  is  interesting  to  note  that  although  the  floors  were  calculated  to 
sustain  an  external  load  of  2^  cwt.  per  ft.  super.,  the  columns  are  designed  to 
carry  double  the  normal  load  on  all  floors  \\ithout  any  reduction  being  made 
for  the  supports  on  the  lower  floors,  as  is  usually  the  case.  The  reason  for  this 
is,  that  it  is  necessary  at  times  to  store  a  great  quantity  of  goods  on  each  floor 
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wiien  preparins^-  for 
shipment,  and  owing 
to  the  enormous  out- 
put of  the  firm,  every 
available  foot  of 
space  has  tf)  be 
loaded  to  its  fullest 
rapacity.  The  de- 
tails  show  the 
larg-est  columns  em- 
ployed, one  of  these 
being-  32  in.  square 
in  the  basement  and 
r  e  i  n  f  or  c  e  d  with 
twelve  lines  of  \erti- 
cal  reinforcement, 
consisting  of  four 
ij-in.  diameter  bars 
at  the  corners  and 
eight  other  b  a  r  s 
each  i|-in.  diameter. 
Inner  and  outer  ties 
were  provided  to 
link  the  vertical  lines 
together,  and  these 
were  spaced  at  dis- 
tances varying  from 
4  in.  to  9  in.  These 
large  columns  are 
reduced  in  size  up  to 
the  top  floor,  where 
they  are  10  in.  square 
and  reinforced  with 
four  vertical  rods 
having  a  diam.eter  of 
fin. 

The  floors  were 
constructed  with 
main  beams,  second- 
arv  beams,  and 
slabs,  the  first- 
named  having  a 
span  of  about  24  ft. 
and  being  about 
32  in.  deep  and  13  in. 
wide.  The  reinforce- 
ment    consisted     of 
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Moss    iDcams    and    stirrups,    wliile    the    secondary    beams    are    g-enerally    of    two 
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Messrs.  Peek,  Frean  &  Co.'s  Factory  Extension. 


sizes — viz.,   i6i  in.  by   lo  in.   and   13  in.  bv   10  in.,  the  former  spanning  a  dis- 
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tance  of  i8  ft.  and  the  latter  a  distance  of  8  to  12  ft.,  according-  to  the  position. 
The  floor  shibs  are  4  in.  thick,  reinforced  with  i-in.  rods  and  made  continuous 
over  several  spans.  In  the  work  to  the  roof  over  the  annexe  the  main  beams 
are  24  in.   b}-    10  m.    reinforced  with  two  Moss  bars  and  three  |-in.   diameter 


\             ^ 
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Fij,'^  4.    Typical  Column  Details. 
Messrs.  Peek,  Frean  &  Co.'s  Factory  Extension. 

round  rods  and  many  stirrups.  The  secondary  beams  are  13  in.  by  8  in.,  and 
the  slabs  are  3J  in.  thick,  laid  to  falls,  and  reinforced  with  i-in.  rods  at  8i-in. 
centres.  All  the  lintels  over  the  windows  were  constructed  as  reinforced  beams, 
and  the  muUions  were  designed  as  short  columns  in  order  to  reheve  the  walls  as 

much  as  possible. 
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The  bridg-e  whicli  connects  the  extension  to  the  existing-  buildings  is  shown 
in  the  photographic  views  and  also  in  Fig.  6,  which  is  a  drawing-  of  the  eleva- 
tion. It  is  so  constructed  that  a  passage-way,  4  ft.  6  in.  wide,  is  formed  on  the 
first  and  second  floors,  and  it  has  a  total  height  from  the  ground  of  about  37  ft. 


The  walls  and  the  arch  itself  are  9  in.  thick  and  well  reinforced,  and  even  the 
cornice,  which  has  a  projection  of  24  in.,  is  constructed  in  reinforced  concrete. 
Apart  from  the  construction  it  is  interesting  as  an  example  of  the  architectural 
treatment  of  reinforced  concrete,  and  must  be  considered  very  effective  from  this 
880 
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point  of  view.      The  clear  span  of  the  arch  is  about  41   ft.  and  the  rise  is  7  ft. 
10  in.,  the  lower  passage-way  being- on  the  same  level  as  the  springing. 

The  escape  staircase  is  interesting,  as  it  is  rather  exceptional  to  find  rein- 
forced concrete  used  for  this  purpose.  The  use  of  iron  alone  is  almost  universal, 
although  it  does  not  possess  the  same  advantages  as  concrete,  which  is 
eminently  fire-resisting  while  requiring  no  maintenance,  and  it  would  obviously 
not  get  so  hot  as  metal  in  the  event  of  a  fierce  fire.  This  staircase  is  con- 
structed with  reinforced  stringers  on  the  outside  face,  16  in.  by  8  in.,  with  three 
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Fig.  6.     Elevation  of  Reinforced  Concrete  Bridge. 
Messrs.  Peek,  Frean  &  Co.'s  Factory  Extension. 

f-in.  diameter  rods  carried  by  columns  10  in.  square  for  the  upper  portion  and 
12  in.  square  for  the  lower  part,  reinforced  with  four  f-in.  diameter  rods  and 
iVin.  diameter  links  at  9-in.  pitch.  These  columns  are  carried  by  a  foundation 
slab  3  ft.  square,  reinforced  with  five  |-in.  diameter  rods  in  either  direction, 
placed  in  the  lower  surface.  The  flights  are  formed  with  a  minimum  thickness 
of  3I  in.  at  the  intersection  of  the  treads  and  risers,  and  are  reinforced  in  the 
soffits  with  i-in.  diameter  rods  at  8-in.  centres.  The  staircase  rises  to  a  height 
of  48  ft.  and  the  flights  are  3  ft.  6  in.  wide  in  the  clear.      The  landing  slabs  are 

88  I 


ALBERT  LAKEMAN. 


ICQNCBETEJ 

3i  in.  thick,  and  one  of  these,  situated  between  the  i^rouiul  and  hrst  floors,   is 
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Fig.  7.    Details  of  Escape  Staircase. 
Messrs.  Peek,  Frean  &  Co.'s  Factory  Extension. 


carried  by  two  12-in.  by  9-in.  cantilevers  built  out  from  the  wall.      Beams  are 
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provided  to  carry  the  other  landings  as  indicated,  these  being  generally  rein- 
forced with  one  Moss  bar  and  lour  stirrups  as  a  provision  against  shear  In 
the  view  of  the  finished  building  in  Fig.  8  the  lift  enclosure  can  be  seen  and  it 
will  be  noticed  that  this  is  also  formed  in  reinforced  concrete.  The  use  of  the 
material  for  this  position  enabled  a  big  saving  of  space  in  addition  to  being  more 


economical  in  cost.     It  is  an  interesting  building  from  a  constructional  point  of 
view,   and  the  planning  and   details  of  the  various  parts  have  been  well  con- 
sidered.     The   whole   of   the    work   was    designed    by   the   engineering   staff   of 
Messrs.   \\.  Moss  &  Sons,  under  the  supervision  of  their  Chief  Engineer    Mr 
de  Colleville,  A.R.I.B.A.,  and  carried  out  by  the  firm  entirely.  '   '     ' 
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THE  CONCRETE 
INSTITUTE. 

PRESIDENTIAL  ADDRESS 
By  E.  P.  WELLS.  J. P. 


The  Presidential  Address  ivith  luhich  the  Winter  Session  of 
the  Concrete  Institute  ivas  opened  ivas  quite  excellent  as  a 
practical  eiposition    of  many  matters  relating  to  concrete  and 

reinforced  concrete,  and  coming  from  one  tuho  is  an  authority  of  exceptional  experience  it 

should  be  carefully  studied  bv  all  concerned. 


INTRODUCTION. 

I  PROPOSE  in  this,  my  first  Presidential  address,  to  deal  almost  wholly  with  the  practical 
side  of  reinforced  concrete  construction,  as  I  consider  that  the  more  often  attention 
is  called  to  this  most  important  part  of  the  work  the  better  it  is  for  all  concerned,  both 
for  the  engineer,  the  architect,  the  proprietor,  and  also  the  contractor. 

PORTLAND    CEMENT. 

With  regard  to  the  first  and  the  principal  constituent  in  concrete — namely,  Portland 
cement — it  is  strange,  at  this  present  day,  how  many  engineers  and  architects  still 
adhere  to  the  old  specification  of  coarse  grinding,  consequently  requiring  aeration  of 
the  cement.  It  has  been  my  lot  only  this  week  to  come  across  a  specification  where  it 
was  stated  the  cement  had  to  be  spread  on  a  floor  for  twenty-one  days  before  being 
used.  Those  of  us  who  are  well  acquainted  with  the  present-day  cement,  and  also  its 
fine  grinding,  know  how  deleterious  this  is  when  great  crushing  strength  is  required. 
I  think  I  have  said,  on  more  than  one  occasion  at  this  Institute,  that  if  cement  is  to 
be  kept  up  to  its  full  strengh  it  is  absolutely  necessary  that  when  it  is  received  on  the 
site  of  the  works  it  should  be  stored  in  air-tight  wooden  bins  :  and  if  this  is  done 
cement  may  be  kept  for  many  years  and  be  just  as  good  after  the  lapse  of  time  as  it 
was  when  freshly  made,  whereas  if  the  cement  be  stored  in  sacks,  and  even  a  very 
small  amount  of  moist  air  plays  upon  them,  then  the  cement  is  rapidly  hydrated  and 
cakes  in  the  sack.  If,  as  is  often  the  case,  this  cement  be  rubbed  through  a  sieve,  it 
becomes  almost  absolutely  useless  for  purposes  of  concrete-making — by  that  I  mean 
good  concrete. 

I  have  in  my  mind's  eye  a  case  of  a  contractor  who  bought  cement  in  the  month  of 
October.  The  whole  winter  was  a  bad  one,  and  he  had  very  little  opportunity  of 
using  the  cement.  It  was  stored  in  a  shed  through  which  the  wind  could  blow  freely, 
and  he  was  rather  astonished  when  the  spring  came  and  the  cement  was  used  that  it 
would  not  set.  He  then  wrote  to  the  manufacturers,  and  when  the  matter  was  in- 
vestigated the  true  cause  of  the  mischief  was  found  out. 

I  have  myself  on  many  occasions  experimented  with  cement  that  has  been  so 
hydrated,  and  it  is  astonishing  the  enormous  reduction  in  the  strength ;  so  much  so 
that  it  becomes  almost  useless  for  making  concrete. 

Any  of  you  who  chooses  to  make  the  experiment  can  do  so,  and  \ou  will  find  that 
with  the  concrete  made  from  an  over-hvdrated  cement  the  amount  of  strength  obtained 
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will  be  very  little  indeed,  and  that  its  setting  action  will  be  so  slow  that  it  will  practically 
take  days  before  it  shows  much  sign  of  hardening.  The  only  use  of  such  a  cement  is 
to  mix  with  an  over-clayed  cement  that  is  too  quick  setting ;  by  this  means  the  setting 
action  can  be  retarded. 

AGGREGATES, 

Passing  from  cement,  one  is  led  on  to  the  careful  choice  in  all  aggregates,  the 
proper  grading  of  the  same,  and  also,  what  is  of  more  importance,  the  seeing  that 
everything  is  absolutely  clean  and  the  water  pure. 

I  know  it  has  been  said  that  dirt  is  of  some  good  in  increasing  the  strength  of 
cement  concrete,  but  the  only  case  that  I  can  find  where,  over  any  period,  a  dirty 
aggregate  increased  the  strength  of  the  concrete  was  due  to  the  fact  that  it  had  been 
mixed  with  a  very  over-clayed  cement.  It  slowed  down  its  setting  action,  and  by  that 
means  did  good ;  but  if  the  test  had  been  carried  over  a  lengthy  period,  it  would  have 
been  proved  how  fallacious  is  the  advantage  to  concrete  of  dirt  in  any  form. 

With  regard  to  aggregates  consisting  ol  gravels  that  are  dredged  either  from  the 
river  or  from  the  bed  of  the  ocean,  it  is  very  seldom  that  the  proper  proportion  of  sand 
tn  coarse  material  is  obtained.  There  is  only  one  gravel  that  I  know  where  one  can 
see  that  the  proportion  is  about  correct,  and  that  is  obtained  from  the  Spurn.  In  the 
ballast  obtained  from  the  Thames  and  along  the  East  Coast  there  is  at  the  present 
time  a  great  excess  of  sand,  and  under  any  circumstances  I  would  not  in  any  way 
recommend  that  this  aggregate  should  be  used  without  separation  of  the  larger 
particles  from  the  finer  and  subsequent  crushing  of  the  coarse  material. 

The  difference  in  the  strength  of  concrete  made  with  an  excess  of  sand  is  very 
marked  where  the  proportion  of  cement  is  not  great ;  that  is  to  say,  6  to  i  and  7  to  i 
concrete  with  an  excess  of  sand  show  very  great  falling  off  in  strength,  whereas  with 
richer  mixtures  and  an  excess  of  sand,  though  there  is  a  falling  off  in  the  early  stages 
of  hardening,  after  a  few  years  the  concrete  will  almost  come  up  in  strength  to  a 
ccncrete  made  in  the  correct  proportions.  Of  course,  it  is  well  known  that  for  all 
waterwork  a  large  proportion  of  sand  is  required  so  as  to  get  a  perfectly  dense  mixture, 
but  in  no  case  must  this  be  overdone. 

In  concrete  for  waterwork  it  is  not  necessary  to  add  anything  to  make  it  water- 
tight. If  concrete  be  properly  made  it  will  be  absolutely  impervious  to  moisture,  and 
if  it  be  found  necessary  to  reduce  the  labour  some  of  these  compounds  of  hydrated  lime 
are,  no  doubt,  of  utility  in  decreasing  porosity,  but,  at  the  same  time,  concrete  so  made 
is  not  improved  in  strength. 

Before  leaving  the  subject  of  aggregates  I  wish  to  call  particular  attention,  as  I 
have  done  here  on  more  than  one  occasion,  to  the  use  of  Fletton  bricks  for  concrete. 
I  have  found  lately  that  wherever  Fletton  bricks  have  been  used  disruption  has  taken 
place  in  the  concrete,  and  I  think  this  is  due  to  the  presence  of  lime  in  the  bricks. 
Fletton  bricks  that  are  dangerous  to  use  are  those  with  purple  markings,  and  great 
care  should  be  exercised  by  all  those  who  propose  to  use  brick  aggregate  for  concrete 
work  to  eliminate  absolutely  Fletton  bricks  in  any  form  whatever.  In  this  I  am  borne 
out  by  several  who  have  been  unfortunate  enough  to  use  the  bricks,  the  result  being 
that  the  concrete  has  failed.  • 

I  was  called  in  only  a  few  months  ago  to  a  special  floor  that  had  been  put  down 
for  testing  bowls,  when  it  was  found  that  about  a  month  after  the  floor  had  been  laid 
it  was  becoming  uneven  in  places.  On  examination  it  was  found  that  in  every  case 
where  the  floor  had  risen  Fletton  bricks  in  the  aggregate  were  the  cause  of  the 
m.ischief. 
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CONCRETE    MIXING. 

It  is  always  advisable  in  the  making  of  concrete  that  it  should  be  got  into  the  work 
as  quickh'  as  possible,  especially  in  the  summer  :  with  low  temperatures  it  is  not  of 
such  great  importance,  as  the  cold  slows  the  setting  action  and  also  its  hardening.  In 
frosty  weather  the  drier  the  concrete  and  the  more  ramming,  so  long  as  there  is  no 
chance  of  displacing  any  of  tlic  reinforcing,  the  better  for  the  concrete,  as  it  will  set 
very  much  more  rapidly  than  if  there  is  an  excess  of  moisture. 

With  regard  to  reinforced  work  it  is  far  better  that  the  concrete  should  have  a 
slight  excess  of  moisture  than  a  deficiency.  Certain  experiences,  that  I  have  had  lately, 
have  shown  that  where  steel  has  been  put  into  concrete  that  was  too  drv.  the  air  and 
moisture  had  got  through  the  porous  concrete  to  the  steel  and  caused  rapid  corrosion. 

In  one  case  the  bottom  layer  of  concrete  had  been  put  in  and  allowed  to  set,  the 
steel  was  placed  on  the  dry  concrete,  and  other  dry  concrete  was  placed  on  top. 
When  this  work  was  brcken  up  it  was  found  that  the  rods  in  the  concrete  were  quite 
loose,  could  be  turned  round  by  hand,  and  the  adhesion  between  the  two  layers  of 
concrete  was  anything  but  good.  Now,  had  the  concrete  been  made  wet,  there  would 
have  been  no  separation  between  the  steel  and  the  concrete,  it  would  not  have  been 
possible  to  twist  the  steel  rods  round  in  the  concrete,  neither  would  moisture  have 
passed  through  the  concrete  to  the  steel  and  caused  oxydisation  after  the  alkaline  salts 
had  disappeared  by  age  owing  to  the  presence  of  air  and  moisture. 

Excess  of  moisture,  as  we  all  know,  decreases  the  crushing  strength  of  the 
concrete  ;  but  at  the  same  time  in  nearly  all  structures  there  is  generally  such  an  excess 
of  concrete  in  the  compression  member,  especially  where  T-headed  beams  are  used, 
that  it  is  better  to  have  the  steel  perfectly  protected  with  a  slightlv  weaker  concrete 
than  to  have  imperfect  protection  with  a  stronger  concrete,  because  if  imperfectlv 
protected,  corrosion  will  be  almost  bound  to  take  place  with  consequent  disruption  of 
the  concrete. 

Excessive  ramming  in  concrete  is  not  at  all  necessary  where  it  is  made  wet.  It  is 
far  better  to  employ  very  light  ramming  and  see  that  fine  particles  of  the  concrete  are 
brought  to  the  surface  of  the  shuttering  boards  by  means  of  steel  slices  or  trowels.  If 
this  be  done  there  will  be  very  little  danger  of  air  finding  its  way  through  into  the  steel 
reinforcing,  but  a  coarse  aggregate  first  put  in  with  an  insufficiency  of  sand  is  almost 
always  certain  to  have  some  porous  parts  througli  which  the  air  and  sulphur,  especially 
in  a  London  atmosphere,  can  attack  the  steel. 

It  may  be  well  here  to  call  attention  to  what  I  consider  to  be  a  most  important 
point  in  reinforced  concrete  construction — namely,  that  as  the  concrete  is  being 
put  into  the  work  test-cubes  should  be  made  both  for  ascertaining  the  strength  of  the 
concrete  in  situ  and  exposed  to  the  ordinary  atmospheric  conditions,  and  also  to 
ascertain  in  the  laboratory  the  strength  of  a  series  of  cubes  made  at  the  same  time  and 
kept  under  laboratory  conditions.  One  set  of  cubes  should  be  kept  on  the  works 
exposed  to  the  varying  atmospheric  conditions,  and  the  other  at  the  labor^atorv  at  the 
normal  temperature,  say,  of  60°  F. 

Some  years  ago  I  niade  an  experiment  to  see  whether  cold  had  anv  effect  on 
concrete,  and,  if  so,  to  what  extent.  I  found  that  in  the  month  of  December,  when 
the  cubes  were  taken  from  about  60°  F.  and  placed  on  a  roof  where  the  temperature 
fell  to  below  freezing-point,  a  most  alarming  decrease  took  place  in  the  crushing 
resistance  of  the  concrete,  and  this  remained  so  until  such  time  as  the  weather  became 
warmer,  when  the  crushing  resistance  went  up  and  was  practically  the  same  as  shown 
bv  cubes  made  to  the  same  gauging  but  kept  under  normal  conditions. 

This  clearly  shows  that  if  a  building  is  constructed  in  cold  weather  the  crushing 
resistance  of  the  concrete  cubes  kept  on  the  works  will  be  low,  but  if  it  be  found  that 
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the  other  set  of  test-cubes,  kept  under  laboratory  conditions,  shows  a  rapid  increase  in 
the  strength,  then  it  is  only  fair  to  assume  that  the  concrete  that  has  been  exposed  to 
the  cold  air  will,  with  favourable  conditions,  increase  in  strength  and  attain  the  same 
strength  as  the  laboratory  experiments. 

The  reason  I  am  calling  particular  attention  to  this  point  is,  that  if  a  building  is 
constructed  in  the  winter  and  the  test  loads  are  applied  up  to  50  per  cent,  in  excess 
while  the  weather  is  cold,  there  may  possibly  be  an  excessive  amount  of  deflection, 
owing  to  the  fact  that  the  strength  of  the  concrete  in  compression  is  low,  whereas  if 
the  experiment  were  held  over  until  the  warmer  weather,  when  the  compressive 
strength  of  the  concrete  would  be  largely  increased,  then  the  deflection  would  be 
practically  nothing — of  course,  assuming  that  the  work  in  the  first  instance  had  been 
properly  designed. 

TESTING. 

If  the  work  is  properly  designed,  and  if  the  supervision  has  been  strict  and  the 
work  has  been  carried  out  according  to  the  drawings,  it  is  fair  entirely  to  dispense 
with  the  testing  of  the  structure  so  long  as  the  experimental  cubes  show  that  the 
concrete  has  attained  the  strength  required  by  the  engineer  or  architect. 

It  is  rather  foolish  to  test  a  structure  when  one  knows  by  experience  that  the 
crushing  resistance,  owing  to  the  cold,  is  low.  It  would  be  far  better  to  wait  until  the 
weather  had  become  warmer  and  the  concrete  had  parted  with  a  lot  of  its  moisture, 
when  it  would  have  become  much  harder.  On  the  contrary,  if  it  is  found  that  the 
laboratory  tests  are  low — say,  for  the  sake  of  example,  one  month  after  being  made — 
then  I  should  strongly  recommend  testing  of  the  structure  to  ascertain  whether  there 
were  anything  seriously  at  fault.  Having  those  conditions  of  a  low  laboratory  test 
and  a  much  lower  in  situ  test,  yet  the  structure  not  exhibiting  any  serious  deflection, 
then  the  work  may  be  passed  ;  but  still,  it  is  advisable  in  all  cases  to  watch  the  crushing 
experiments,  as  upon  these  depends  almost  entirely  the  strength  of  the  structure.  A 
good  crushing  resistance  means  that  the  concrete  is  strong  in  tension,  strong  in 
adhesion,  and  strong  in  shear,  and  such  being  so,  there  is  very  little  danger  of  the 
structure  failing  even  if  there  is  a  deficiency  of  steel. 

The  testing  of  floors  and  other  works  is,  as  a  rule,  carried  out  on  much  too  small 
a  scale.  Testing  should  be  spread  over  an  area  that  will  at  least  take  in  always  two 
sets  of  secondary  beams  as  well  as  two  spans  of  main  beams  completely.  By  this 
method  of  testing,  the  beams  always  have  their  full  load  and  the  adjoining  beams 
become  unloaded,  which  gives  the  most  severe  form  of  test,  unless  absolute  continuous 
construction  be  carried  out. 

My  experience  has  taught  me  that  where  concrete  is  good — that  is  to  say,  mixtures 
of  5  to  I  and  richer — with  the  ordinary  normal  loading  for  which  the  structure  was 
designed,  unless  most  delicate  instruments  be  used  there  will  be  no  deflection  recorded, 
whereas  when  weak  concretes  are  used — namely,  6  to  i  and  under — then  the  deflection 
at  times  becomes  very  great. 

In  all  cases  in  making  deflection  tests,  they  should  be  made  not  only  at  the  centre 
of  the  span  but  also  at  the  walls,  as  very  often  it  is  found  that  a  large  amount  of  the 
so-called  deflection  is  due  entirely  to  the  squeezing  of  the  brickwork,  owing  to  the  fact 
that  the  reaction  has  not  been  spread  over  a  sufficient  area  of  brickwork.  In  no  case 
ought  the  load  on  the  brickwork  to  exceed  eight  tons  per  square  foot ;  by  this  means 
a  good  distribution  is  obtained  and  the  brick  walls  are  strengthened  thereby. 

SHUTTERING  AND  STRUTTING. 

In  a  great  many  works  that  I  have  seen  where  failures  have  taken  place,  the 
failures  have  been  very  largely  attributable  to  shuttering  and  strutting.  I  have  in 
mind  cases  of  beams  deflecting  two  or  three  inches  after  the  concrete  has  been  filled  into 
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the  iiiouKl,  lliis  Ix'inj^  tluc  I'litiiX'h^  to  lliti  slriiltini^  sinl<'mj4  iiilo  tlic  soft  ijiroiind  under- 
neath. In  sexcr.il  rases  this  has  caused  what  appeared  like  sliear  cracks  al  each  abut- 
ment, though  the  work  afterwards  stood  the  test  k)ad  satisfactorily.  Still,  such  cracks 
made  the  beam  look  unsiiL^htK',  and  there  could  not  hasc  l)een  the  s^anie  adhesion 
between  the  concrete  and  steel,  owiiii;  to  this  settlement,  as  if  the  boxes  h;id  remained 
perfectly  true  and  le\el  during  tlu'  wlude  time  the  concrrte  was  beini;  |)Li1  in  and  unlil 
the  same  weri'  struck. 

I  know  of  one  case  of  a  failure  takinj4  ])lace  entirely  o\\ini4  ''•  'he  struttini;  sinkini^ 
into  the  ground,  the  sinking  taking  place  over  more  than  a  week.  The  concrete,  there- 
fore, never  had  the  least  chance  of  getting  a  fair  adhesion  to  the  steel,  but  was  con- 
stantly being  drawn  awav  from  it  b}-  this  settlement  of  the  strutting,  so  much  >o  that 
when  the  strutting  was  remox'cd  the  whole  structure  came  down   with  a  rim. 

It  is  always  adxisable,  if  there  is  any  doubt  at  all  about  tlie  ground,  to  ha\-e  the 
latter  tested  beforehand,  and  it  is  far  better  to  increase  the  sole-plates  to  double  the 
size  required,  so  as  to  prevent  any  possible  chance  of  settlement,  than  to  ha\  e  an  in- 
sufficient area  with  consequent  settlement  and  trouble  taking  place. 

Not  only  does  the  settlement  cause  a  reverse  camber  of  the  beam,  but  it  also  gives 
a  fall  in  the  floors  the  wrong  way,  and  it  needs  extra  expense  all  round  to  make  good 
such  defective  work. 

All  these  are  points  that  are  easily  obviated  l)y  the  simple  means  of  closely  watch- 
ing the  work  as  it  proceeds,  and  not  allowing  any  concrete  to  be  put  in  until  the 
engineer  or  his  representative  is  satisfied  that  the  strutting  is  of  such  a  nature  that 
settlement  is  not  likely  to  take  place. 

Strutting  should  always  remain  up  as  long  as  possible  after  the  concrete  has  been 
placed  in  position  ;  in  fxict,  if  it  were  not  for  the  exigencies  of  trade  and  also  the 
rapidity  with  which  building  works  of  the  present  day  have  to  be  erected,  I  should 
personally  like  to  see  all  strutting  remain  up  for  very  much  longer  periods  thrm  is 
generally  allowed,  because  the  harder  concrete  can  get  before  removal  and  an}-  weight 
can  get  thrown  upon  it  the  better  it  is  for  the  structure  as  a  whole.  Unfortunately,  in 
the  present  day  the  question  of  expense  has  to  be  ycry  largely  considered,  and  to  allow 
strutting  to  remain  up  as  long  as  one  would  like  it  would  increase  in  a  great  many 
cases  the  cost  of  the  work,  and  I  am  afraid  it  would  become  almost  prohibitive.  Of 
course,  in  cold  weather  strutting  must  be  left  u]i  for  periods  50  per  cent,  longer  than 
is  allowed  in  the  summer-time,  and  a  great  many  of  the  failures  in  this  country,  and 
more  especially  in  America,  are  mainly  traceable  to  the  removal  of  the  shuttering  and 
strutting  at  too  early  a  period  in  the  life  of  the  concrete.  The  concrete  at  the  time  of 
striking  w^as  weak,  but  had  an  extra  fortnight  or  more  been  allowed  for  the  hardening, 
then  the  works  that  have  failed  would  no  doubt  have  stood  up. 

WATER. 

Before  finishing  with  concrete-making  I  would  like  to  refer  to  water  to  be  used 
therein.  In  this  country,  as  a  rule,  water  is  almost  invariably  obtained  from  what  is 
called  a  domestic  source,  namely,  water  supplied  by  large  public  companies  who  are 
extremely  careful  in  what  is  sold  to  the  public.  Such  being  so,  it  is  very  rarely  in 
England  that  one  has  to  use  water  that  does  not  come  from  the  public  supply ;  but  there 
are  cases  where  it  is  advisable  carefully  to  examine  the  same  before  it  is  used.  There 
are  some  places  where  the  water  is  highly  charged  with  gypsum  compounds,  and  such 
being  the  case,  it  behoves  one  to  see  that  there  is  no  likelihood  of  failure  taking  ]i'.ace 
owing  to  an  excess  of  this  compound. 

In  the  South  of  France,  in  Algeria,  and  in  a  gri'at  many  districts  waters  are  highly 
charged  with  gvpsum,  and  so  bad  is  this  in  places  that  concrete  is  absolutely  dissolved 
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and  disrupted  in  less  than  two  or  three  years.  Whenever  there  is  any  doubt  as  to  the 
quality  of  the  water  to  be  employed  an  analysis  should  be  made  beforehand,  and  so 
prevent  what  might  lead  to  a  disaster. 

POSITION    OF    REINFORCING    MATERIAL. 

One  of  the  great  defects  with  regard  to  reinforced  concrete  is  constantlv  raised  bv 
those  who  have  not  had  much  to  do  with  the  subject  and  often  by  those  who  are 
largely  connected  with  it,  namely,  the  difficulty  of  getting  steelwork  placed  in  the 
position  designed  by  the  engineer.  It  is  a  ditificult  matter  always  to  get  the  work 
I'laced  in  the  designed  position  owing  to  the  carelessness  of  the  British  workman, 
whose  idea  seems  to  be  to  get  the  material  into  jX)sition  as  quicklv  as  possible,  no 
matter  whether  it  be  right  or  wrong,  and  in  a  great  many  cases  if  he  has  an  opportunitv 
of  leaving  the  steel  out  he  will  do  so.  The  only  way  to  get  over  this  difficulty  is  not 
to  allow  any  concrete  to  be  filled  or  poured  in  until  the  steelwork  had  been  passed  bv 
the  engineer  or  his  representative.  If  this  be  done  there  will  be  very  little  danger  to 
be  apprehended,  because  if  the  steel  is  in  the,  correct  position,  if  the  concrete  is  proved 
to  be  as  good  as  borne  out  by  the  in  situ  tests  and  by  the  laboratory  tests,  and  if  the 
strutting  has  not  given  way,  then  one  may  fairly  assume  that  the  work  has  been  well 
carried  out  and  will  sustain  all  the  loads  for  which  it  is  designed,  and  that  there  will 
be  no  deflection,  or  else  of  such  a  slight  nature  that  it  is  not  worth  troubling  about. 
If,  however,  the  steel  be  badly  placed,  the  concrete  be  poor,  and  the  strutting  has  failed, 
then  there  is  no  knowing  what  is  going  to  be  the  result. 

In  a  great  many  years  of  practical  experience  I  have  come  to  this  conclusion,  that 
even  if  there  is  a  large  deficiency  of  steel  in  the  structure  both  in  tension  and  in  com- 
pression, and  the  concrete  is  of  an  excellent  quality,  there  is  hardly  any  chance  of 
failure  taking  place,  but  if  the  steel  is  up  to  and  even  in  excess  of  the  requirements 
asked  for,  and  bv  anv  chance  the  concrete  be  poor,  then  if  an  excessi\e  load  be  placed 
upon  the  structure  there  is  nothing  to  prevent  its  failing.  As  I  have  stated  before,  a 
rich  concrete  is  strong  in  crushing,  tension,  adhesion,  and  shear,  whereas  with  poor 
concrete  exactly  the  reverse  is  the  case. 

A  series  of  experiments  that  I  carried  out  some  years  ago  with  some  beams  gave  for 
thirty-three  davs'  test  a  factor  of  safety  of  55  to  i  ;  in  three  years  the  factor  was  over 
9  to  I.  The  whole  of  this  was  due  entirely  to  a  very  good  concrete  which  was  abso- 
lutely homogeneous  throughout,  and  when  the  beams  broke  thev  failed  onlv  at  the 
centre,  the  onl}-  place  where  cracks  developed.  There  was  no  sign  of  shear,  and  the 
diameters  of  the  rods  where  the  failure  took  place  were,  to  all  intents  and  purposes,  the 
same  diameters  as  when  thev  were  put  in.  These  experiments,  I  think,  simply  show 
an  enormous  increase  in  the  lever-arm,  due  to  the  rich  concrete;  in  fact,  in  the  case  J 
now  mention  the  lever-arm  was  practically  the  total  depth  from  the  axis  of  the  tension 
members  to  the  outside  of  the  compression  member  of  the  beam  ;  but  even  this  will  not 
account  whollv  for  the  enormous  load  that  the  beams  carried,  as  the  tests  produced 
extraordinarv  stresses  both  in  the  steel  and  also  in  the  concrete  itself. 

SKILLED  LABOUR. 

A  great  deal  has  been  done  by  the  I^ondon  County  Council  School  of  Building  in 
educating  clerks  of  the  works  and  ftthers  as  to  the  method  in  which  the  practical  part 
of  reinforced  concrete  construction  should  be  carried  out.  They  ought  to  go  a  step 
lower  and  take  in  hand  labourers  who  are  connected  with  tlie  carrying  out  of  the  work, 
because  until  such  time  as  they  themselves  understand,  to  even  a  verv  slight  extent, 
what  is  required  of  them,  so  long  will  they  be  careless  in  doing  the  work  they  have  to  do. 

The  foremen  employed  must  be  instructed  to  keep  a  sharp  look-out  on  all  their 
men,  and  not  to  allow  laxity  in  any  shape  or  form.     If  the  men  know  that  the  foreman 
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is  up  to  all  their  so-called  tricks  of  the  trade,  then  they  will  take  i«ood  care  that  the  wurk 
ib  carried  out  in  an  efficient  manner;  hut  if  hy  any  clianec  the  foreman  is  careless,  his 
workmen  will  be  the  same;  and  it  will,  I  think,  very  often  he  found  that  where  any- 
thing serious  takes  placi'  it  is  not  only  the  men  but  the  foremen  .and  <\en  the  clerk  of 
the  works  on  the  job  who  are  answerable  for  this  state,  of  affairs. 

Anv  foreman  who  ])ersistentlv  makes  mistakes  in  the  carrying  out  of  the  work, 
after  the  same  has  been  point<'d  out  to  him,  should  be  dismissed  and  not  allowed  to 
undertake  anv  wt>rk  of  the  kind  in  future.  It  is  only  by  making  examples  of  men  who 
do  bad  work  that  one  can  expect  an  improvement  to  take  place  in  the  industry  in  this 
countrv.  Works  executed  abroad,  as  a  rule,  are  carried  out  by  men  who  seem  to  take 
a  great  interest  in  their  w^ork.  Even  the  ordinary  labourer  knows  what  he  has  to  do 
and  does  it,  whereas  in  this  country  there  are  so  many  instances  of  scamping,  not  only 
in  reinforced  work  but  also  in  other  branches  of  structural  engineering,  that  it  is  only 
strict  supervision  in  the  past  that  practically  made  our  work  some  of  the  best  in  the 
world,  though  I  have  v<'rv  clear  remembrances  before  me  of  seeing  wooden  rivets  and 
other  such  things  being  done,  and  I  daresay  there  are  many  in  this  room  who  have 
seen  likewise.  We  do  not  hear  of  w-ood  being  put  in  for  steel  in  reinforced  concrete — 
that  is  to  say,  by  the  designer — but  many  accidents  have  proved  that  wood  has  been 
put  in  and  has  been  the  cause  of  the  mischief. 

ELECTROLYSIS. 

A  point  that  was  investigated  by  the  Science  Committee  some  time  ago  was  one 
which  it  is  advisable,  I  think,  forme  to  call  attention  to,  and  that  is,  electrolysis.  I  have 
watched  one  work  where  this  mischief  occurred,  and  only  about  a  couple  of  months 
ago  I  made  a  further  examination  and  found  that  the  mischief  was  still  increasing.  It  is 
a  moot  point  with  some  as  to  whether  there  is  any  electrolytic  action  or  not,  but 
personallv  I  have  very  little  doubt  upon  the  subject,  so  that  it  behoves  all  designers  and 
contractors  to  see  that  there  is  no  possible  chance  of  electric  currents  finding  their 
wa}^  into  steel  reinforcing,  because,  should  they  do  so,  I  do  not  think  there  is  any  doubt 
whatever  that  it  will  mean  the  eventual  disruption  of  the  concrete.  It  only  requires  the 
exercise  of  care  to  put  a  stop  to  this  and  to  be  perfectly  certain  that  all  cables  through- 
out the  reinforced  concrete  work  are  properl\-  insulated,  and  that  there  are  no  stray 
currents  wandering  about  the  work. 

CALCULATIONS. 

I  think  a  good  many  of  mv  hearers  will  agree  with  me  in  regard  to  the  calculations 
of  reinforced  concrete  work  that  a  great  deal  too  much  mathematics  has  been  imported 
into  the  subject,  and  that  common  sense  has  had  to  take  a  back  seat. 

If  we  were  dealing  with  two  materials,  both  of  which  were  absolutely  constant — 
that  is  to  sav,  the  concrete  constant  within  a  month  after  it  was  made  in  strength 
as  the  steel  is  immediately  after  it  is  rolled — then  it  would  be  possible  to  go  in  for 
mathematical  formulas  of  a  high  order;  but  where  you  have  a  material— ^j.e.,  concrete 
• — the  strength  of  which,  if  all  portions  are  good,  is  increasing  day  by  day,  and  in  some 
cases  attaining  a  strength  of  three,  four,  or  more  times  that  which  it  was  originally 
calculated  for,  how  is  it  possible  in  these  ways  to  formulate  any  formulae  which  are 
even  moderately  correct?  It  is  far  better  to  use  more  common  sense  and  simplify  or 
formulate  empirical  rules  which  you  know  are  absolutely  safe  in  their  application.  It 
is  no  good  trving  to  extract  the  square  root  of  two — it  is  useless.  I  have  seen  cases 
where  the  stresses  have  been  worked  out  to  five  places  of  decimals,  and  it  could  all  have 
been  done  by  mental  arithmetic,  and  the  result  would  have  been  so  close  that  it  was 
really  not  worth  while  troubling  about. 

I  see  cases  constantly  where  rods  are  put  into  work  varied  in  diameter  to  32nds  of 
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an  inch.  That  is  not  at  all  necessary.  It  wastes  time  on  the  work,  and  in  a  great 
many  cases  a  wrong  rod  goes  into  the  wrong  place.  It  is  far  better  to  adhere  in  all 
cases  to  commercial  sizes,  never  advancing  beyond  i6ths  of  an  inch  and  if  possible 
advancing  only  by  ^ths,  as  by  that  means  the  size  on  the  road  is  clear  to  the  naked  eve 
and  does  not  require  a  caliper  to  be  put  upon  it  to  find  out  whether  it  is  21-32  or  22-32 
of  an  inch.  Such  reinforcements  as  these  simply  show  how  designers  lack  common 
sense  and  bring  the  work  into  disrepute.  Exactly  the  same  thing  takes  place  with 
calculations  submitted  for  approval.  A  mass  of  figures  will  be  carried  out  into  millions 
where  the  whole  lot  can  be  simplified  by  reduction  into  tens  or  hundreds,  and  the 
elimination  of  anything  beyond  two  places  of  decimals.  The  simpler  calculations  are 
made  the  less  liability  there  is  of  errors  creeping  in,  and  if  an  error  does  creep  in, 
then  it  is  much  easier  to  discover ;  but  where  a  whole  foolscap  page  of  figures  is  used  to 
arrive  at  a  result,  it  means  in  a  great  many  cases  simply  courting  disaster,  as  well  as 
being  also  a  waste  of  time  and  expense  with  a  view  to  possiblv  saving  a  pennvworth  of 
steel. 

I  have  always  been  a  great  enemy  to  the  complicated  calculations,  and  I  do  not 
think  they  are  at  all  necessary.  It  only  brings  to  mind  the  largest  building  that  has 
ever  been  constructed  in  London.  I  am  now  speaking  of  as  long  ago  as  about  five- 
and-twenty  years.  In  an  arch  rib  there  was  a  deficiency  in  the  centre  of  the  span  of, 
I  think,  half  an  inch  in  a  large  sectional  area  of  steel.  To  make  up  this  deficiencv  in 
compression  a  bar  2  in.  by  j  in.  was  riveted  on,  and  this  onlv  for  a  length  of  two  or 
three  feet,  thus  making  mathematics  simply  an  absurdity,  whereas  no  common-sense 
engineer  would  for  the  sake  of  half  an  inch  in  one  hundred  square  inches  ever  think  of 
doing  anything  so  absurd. 

The  same  applies  to  reinforced  concrete.  It  is  far  better  to  work  in  all  cases  to 
commercial  sizes  of  rods,  even  if  there  be  a  slight  deficiencv  in  sectional  area,  than  to 
put  in  multiples  of  rods  of  all  diameter  so  as  to  make  up  a  given  sectional  area.  This 
entails  an  enormous  amount  of  work  not  only  upon  the  designer,  but  also  upon  the 
foreman  who  has  to  take  charge  of  the  work,  and  upon  everybod\-  connected  therewith, 
and  it  is  of  no  practical  value  whatever.  Therefore  I  should  like  to  see  in  all  rules 
made  for  reinforced  concrete  that  common  sense  should  enter  more  largely  into  the 
formulae  that  are  given  to  the  world,  and  not  a  mass  of  mathematics  provided,  which 
the  authors  know  perfectly  well  are  even  then  empirical,  because  one  material  is  a 
constant  and  the  other  is  an  inconstant. 

FAILURES. 

The  Committees  of  the  Concrete  Institute  have  been  seriously  considering  for  a 
long  time  past  the  question  of  failures,  and  there  is  no  doubt  that  if  one  could  get  at  the 
whole  facts  of  the  cases  with  regard  to  failures  they  would  be  most  instructive.  .\s  a 
rule,  every  work  that  fails  has  been  kept  in  the  background,  for  fear  that  the  con- 
tractor or  somebody  in  connection  therewith  would  suffer  either  from  the  commercial 
point  of  view  or  the  professional.  It  will  be  found,  I  think,  as  a  rule,  that  the  causes 
of  failure  are  ones  that  can  easily  be  allocated  with  the  exercise  of  a  little  common 
sense  and  supervision.  It  is,  as  a  rule,  due  to  great  carelessness  on  the  part  of  foremen 
and  workmen  employed  that  the  failures  take  place.  Therefore  it  is  advisable  in  all 
cases  that  the  principal  causes  of  failures  should  be  known,  in  order  that  specifications 
may  be  made  so  rigid  that  there  is  little  likelihood  of  these  mishaps.  It  is  the  fear  of 
failure  that  debars  to  a  certain  extent  reinforced  concrete  from  being  used  by  many 
clients,  and  therefore  it  should  be  the  object  of  all  concerned  with  this  matter,  from  a 
professional  as  well  as  from  a  commercial  standpoint,  to  see  that  such  care  be  exercised 
in  the  whole  of  the  work,  both  as  to  designing,  checking,  and  construction,  that  no  one, 

891 


THE  CONCRETE  INSTITUTE. 


iCQNCRETF] 


for  one  sinij;Ie  instant,  slioulil  liaxc  rmv  doubt  hut  that  ('■(•inforcctl  concrete  is  for  certain 
classes  of  work  the  best  that  can  be  em|)loved. 

It  is  no  good,  for  instance,  if  a  failure  takes  place  when'  it  can  be  fairlv  traced  to 
a  bad  aggregate  to  ke<i)  the  sanK'  a  secret,  because  it  means  that  others  possibly  in  the 
same  neighbourhood  go  on  constructing  work  therewith  and  with  the  possible  chance 
that  failure  will  also  occur,  whereas  had  the  fact  of  the  failure  tx>en  generallv  known 
there  is  not  much  likelihood  that  a  second  disaster  in  the  same  locality  would  occur 
from  the  same  cause.  So  that  J  make  a  confident  appeal  to  all  here  to-night,  and  to 
all  who  may  read  the  address,  that  wherever  a  failure  in  reinforced  concrete  takes 
place  they  will  at  once  communicate  with  the  Concrete  Institute  and  let  them  have 
the  facts  of  the  case,  not  necessarily  for  publication,  but  to  enable  the  Institute  to  so 
word  their  suggested  specification  as  to  guard  against  a  possible  accident  taking  place 
in  the  future. 

It  is  only  by  failure  that  we  are  enlightened.  All  through  life  it  is  the  same  wav, 
and  we  only  learn  and  remember  our  alphabet  at  school  by  making  mistakes  and  being 
punished  for  such  mistakes  so  that  we  understand.  .So  it  is  in  a  minor  degree  with 
the  subject  I  am  speaking  to  you  about  to-night;  the  elucidation  of  a  failure  mav  be 
the  means  in  the  long  run  of  saving  an  enormous  amount  of  money. 

CONCLUSION. 

I  think  1  have  tres,jassed  on  your  time  more  than  I  intended,  but  I  trust  that  the 
matter  of  this  address  is  one  that  we  all  have  at  heart ;  and  if  it  is  the  means  of 
causing  work  generally  throughout  the  country  to  be  carried  out  in  a  better  manner 
than  a  lot  has  been  done  in  the  past,  then  it  will  be  of  some  avail 

THE    VOTE    OF   THANKS. 

Mr.  H.  Percy  Boulnois,  M.Inst.C.E.,  Chairman  of  Couacil  Royal  Sanitary 
Institute,  Vice-President Concreie Institute,  after  proposing  a  vote  of  thanks  to  the 
President  for  Jiis  address  and  sunie  general  re)narks  regarding  same,  said,  as  far  as  the 
remarks  on  Portland  cefnent  were  concerned :  "  I  am  one  of  the  old  school,  who 
still  think  it  necessar}"  to  weather  cement."  He  zvent  on  to  say :  "  We  are  told  by  the 
President  that  we  do  more  harm  than  good  by  weathering  it,  but  the  present  method 
of  making  cement,  the  grinding  and  the  hyu'rating  and  so  on  that  goes  on,  makes 
cement  that  can  be  used  immediately  it  comes  from  the  kiln.  In  the  old  days  we  called 
it  hot  cement,  which  had  to  be  cooled  or  aerated." 

Regarding  aggregates  and  moisture  he  was  of  the  same  opinion  as  the  President 
"  that  excessive  ramming  is  no  doubt  very  often  overdone." 

"  Then,  the  President's  remarks  on  the  effects  of  cold  are  exceedingly  interesting. 
I  have  always  suspected,  though  I  have  never  carried  out  any  experiments  myself, 
that  certainly  frost  had  a  very  evil  effect  upon  all  classes  of  concrete.  Then  with 
regard  to  his  testing  of  floors,  there  again  he  gives  us  some  valuable  hints. 

"  Regarding  failures,  he  says  they  are  very  often  due  to  shuttering  and  to  strutting. 
That  is,  we  know,  very  often  the  case.  People  are  very  often  in  a  great  hurry  to 
remove  their  centering  with  very  bad  results,  and  his  advice  on  that  point- is  excellent. 

"  Then,  with  regard  to  the  education  of  the  clerks  of  works  and  of  men,  there,  I 
quite  agree,  good  work  can  be  done  by  the  London  County  Council  if  they  will  continue 
the  education  not  only  of  the  clerks  of  works,  but  also  of  the  men  who  are  engaged 
specially  on  this  reinforced  concrete  work.  We  all  know,  in  dealing  with  that  class  of 
work,  how  absolutely  important  it  is  that  every  man  should  be  doing  his  best  in  putting 
that  concrete  in,  and  should  not  shirk,  otherwise  disaster  may  follow.  We  can 
standardise  materials,  but  unfortunately  we  cannot  standardise  men,  and  it  is  the 
personal  element  of  the  man  that  comes  into  our  works  so  enormouslv,  and  the  best 
design  may  be  ruined  by  bad  workmanship.  That  none  of  us  can  escape  from.  Then, 
with  regard  to  electrolysis,  I  think  the  fear  of  it  has  been  rather  overdone.  I  think  it 
is  evident  that,  with  decent  care,  ordinary  care,  that  could  easily  be  prevented;  and  I 
agree  with  the  President  that  the  question,  W'hether  it  does  affect  reinforced  concrete  to 
the  extent  that  people  imagine,  is  a  little  doubtful. 
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"  Now,  I  also  aj,«ree  witli  him  about  over-calculation.  Really  it  is  very  often  far 
too  elaborate,  and  I  absolutely  and  entirely  endorse  all  that  he  says  with  regard  to 
that.  It  really  frightens  one  sometimes  to  go  into  the  question  of  reinforced  concrete, 
because  of  these  enormous  calculations  that  have  to  be  made,  as,  he  says,  to  the  fifth 
place  of  decimals.     It  really  brings  reinforced  concrete  almost  into  discredit. 

"  Last  of  all,  he  speaks  of  the  importance  of  failures.  As  a  man  who  has 
been  an  engineer  for  some  fifty  years  or  more,  I  entirely  agree  with  him.  I 
personally  have  learned  more  by  my  failures  than  I  ever  did  by  my  successes,  and 
young  men  should  take  that  to  heart  and  not  be  ashamed  when  thev  make  a  failure. 
Of  course,  we  rub  it  into  ourselves  when  we  do  make  a  failure,  and  consequently  we 
do  not  forget  and  we  learn  a  great  deal  more  by  failure  than  we  do  bv  success.  And 
in  this  class  of  work,  particularly  with  which  this  Institute  deals,  we  shall  learn  a 
great  deal  if  members  and  others  will  let  us  know  when  a  failure  takes  place,  in  order 
that  we  may  make  some  investigations,  and  those  investigations  properlv  followed  up 
will  be  of  the  greatest  value  to  those  who  follow  us  in  constructing  work  of  that  design." 

Mr,  C.  S.  Meik,  M.Inst.C.E.,  Vice  President  of  the  Concrete  Institute,    after 

seco)nliug  llie  -vatc  nf  thanks  to  the  Presidciil,  sniil  :  "  1  also  am  (.|iiite  at  one  with  the 
President's  remarks  about  the  workmen.  The  old-fashioned  method  of  making  concrete 
i^:,  of  course,  quite  out  of  place  when  you  are  dealing  with  material  like  reinforced 
concrete,  and  once  you  get  a  labourer  who  has  been  used  to  the  old  stvle,  vou  cannot 
get  him  to  make  good  work  in  the  new  style. 

"  I  also  quite  endorse  all  that  the  President  has  said  about  the  necessitv  of  making 
test  cubes  when  you  are  doing  important  work. 

"  Now,  as  to  the  calculations,  I  quite  agree  with  Mr.  Boulnois  and  the  President  as 
to  the  necessity  of  simplifying  calculations  for  this  material  as  much  as  possible.  \\'hat 
is  the  use  of  going  to  the  fifth  space  of  decimals  and  doing  evervthing  to  a  nicetv 
when  you  know,  as  I  do  from  experience  and  tests,  that  the  concrete  itself  varies  as 
much  as  loo  per  cent,  in  the  same  work  very  often  in  the  same  dav,  due  to  difTerent 
weather  conditions  or  due  to  different  workmen.  Intricate  calculations  in  a  case  like 
that  are  quite  unnecessary  and  useless. 

"  Now,  the  President  interpolated  into  his  address  a  short  statement  about  the  test 
made  by  the  Institution  of  Civil  Engineers.  I  happen  to  be  on  the  Committee  that 
made  these  tests,  and  I  hope  that  the  results  will  be  published  shortlv.  Thev  have  been 
delayed  from  unavoidable  circumstances,  but  within  the  next  few  months  I  think  thev 
will  be  issued.  The  machine,  if  I  may  call  it  so,  for  making  these  tests  is  still  there, 
and  should  anybody  want  to  make  experiments  the  machine  is  at  their  service.  The 
supervision,  of  course,  of  the  tests  will  have  to  be  carried  out  under  the  superintendence 
of  some  members  or  somebody  from  the  Institution  of  Civil  Enginers." 

Mr.  E.  Fiander  Etchells,  F.Phys.Soc,  after  supporting  the  vote  of  thanks, 
ivoit  on  to  say  that  "  as  regards  standard  notation,  the  Institute  may  certainly  congratu- 
late itself  on  the  fact  that  its  notation  lias  been  adopted,  both  in  schools  and  in  books, 
and  by  official  authorities  and  by  other  technical  institutions,  to  the  exclusion  of  all 
counter-proposals,  and  if  the  same  success  follows  the  application  of  these  principles  to 
the  formulee  of  structural  engineering  generally,  then  this  Institute  will  have  done 
something  to  benefit  the  next  generation. 

"  The  President  has  also  spoken  about  a  Committee  which  was  to  deal  with  the 
widening  of  the  scope  of  this  Institute,  and  he  refers  to  it  as  the  Improvements  Com- 
mittee. Well,  as  Chairman  of  that  Improvements  Committee,  I  welcome  any  sugges- 
tions- which  the  members  have  to  make  for  the  betterment  of  the  Institute  and  the 
solidification  of  the  profession. 

"  The  President  has  also  spoken  about  the  title.  He  says  that  the  sub-title  is  an 
institution  for  structural  engineers  and  architects.  I  would  like  it  to  be  more  than 
that ;  I  would  like  it  to  be  truer  to  the  facts,  and  make  it  the  institution  for  structural 
engineers  and  architects,  because  it  is  the  institution  par  excellence  for  them. 

"  And  then  I  would  also  suggest  that  in  doing  that,  the  David  of  the  Concrete 
Institute  is  not  in  anv  way  challenging  the  Goliath  of  the  Institution  of  Civil  Engineers, 
for  the  Civil  Engineers  have  a  far  wider  aim  than  structural  engineering  only  ;  they 
claim  practicallv  the  whole  of  civil  engineering,  and  the  structural  engineering  is  just 
a  branch.     Perhaps  it  may  be  In  a  rather  distant  future  that  the  Civil  Engineers  them- 
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selves  will  become  an  institution  of  <iii;ineers,  as  thev  would  at  once  if  they  included 
military  cni^ineers,  who  at  present  arc  only  accepted  as  associates. 

"  I  should  like — and  stronijly  would  I  desire  it,  too — that  the  Civil  Enj^ineers 
should  cover  the  whole  profession  and  ultimately  include  the  Royal  Enj^ineers.  Then 
we  should  have  engineering  a  profession  as  deep  and  as  |)rofound,  and  as  wide  and  as 
dignified,  as  the  so-called  learned  professions  of  the  Army,  the  Law  and  the  Church. 

"  With  regard  to  another  point  raised  b}^  our  very  practical  President,  of  Kletton 
bricks,  1  would  like  to  utter  a  word  of  warning  as  toother  bricks  besides  Flettons — any 
bricks  containing  sulphur  compounds  and  any  bricks  containing  pyrites.  In  the  case 
of  the  Flettons  the  trouble  is  with  a  fossil  known  as  the  ammonitea.  A  curly  little  thing 
it  is,  and  it  is  mostly  full  of  sulphur,  but  it  is  principally  in  the  case  of  the  Oxford 
clays  where  the  ammonitea  is  a  dangerous  animal,  even  after  he  is  dead.  When  he 
was  alive  he  was  mostly  composed  of  calcium  carbonates  and  silica  coinpounds,  but 
long  after  his  death  the  house  that  he  has  vacated  has  becorne  filled  with  pyrites,  which 
have  been  solidified  or  settled  down  from  the  enfiltrations  of  water,  and  I  have  seen 
even  in  books  that  bricklayers  are  to  beware  of  clay  containing  ammonitea.  It  is  not 
the  ammonitea  which  is  the  danger,  it  is  the  sulphur  which  fills  his  house  after  he  is 
dead. 

"  As  to  the  remarks  concerning  stress  on  a  concrete  beam  under  a  load,  this  depends 
upon  the  span  and  the  depth  of  the  beam,  and  the  amount  of  the  steel,  and  the 
condition  of  fixing  of  the  ends,  but  not  upon  the  strength  of  the  concrete.  The  stress 
is  an  external  fact,  but  the  deflection  does  vary  inversely  with  the  elastic  modulus,  and 
the  elastic  modulus  of  concrete  increases  with  its  age.  If  the  concrete  is  new  the 
elastic  modulus  is  rather  low  and  the  deflection  is  high. 

"  The  President  has  also  spoken  about  intricate  calculations,  and  he  has  spoken 
about  their  introduction  into  various  documents.  Well  then,  the  Building  Authority 
must  be  in  a  very  difficult  position.  In  the  first  draft  of  the  Regulations  which 
was  issued  to  the  technical  societies  the  formulae  were  so  very  simple,  but  certain 
technical  societies  demurred  and  stated  that  the  formulae  were  empirical,  approximate, 
and  inaccurate.  The  Building  Authority,  anxious  to  please,  made  them  truer  and 
scientific.  But  still  the  other  side  are  not  pleased  even  now.  However,  I  personally 
agree  with  very  simple  formulae. 

"  I  would  suggest  that  this  Institute  might  have  a  Formulae  Committee,  which 
would  discuss  and  arrange  simple  formulee  which  would  be  approximations  to  any 
official  Regulations  or  official  Reports  which  there  may  be." 

After  some  remarks  regarding  decimals,  Rlr.  Etchells  said  regarding  failures  that 
"  you  should  not  judge  reinforced  concrete  by  the  failures  which  have  happened.  You 
do  not  judge  automobile  engineering  by  the  accidents  which  happened  in  the  early  davs 
when  the  cars  were  built  higher  and  they  overturned  on  going  round  corners.  You  do 
not  judge  aviation  by  the  failures  of  aeroplanes.  So  do  not  judge  reinforced  concrete 
by  practicallv  the  accidents  which  happened  in  the  days  of  youthful  indiscretions.  It 
is  a  material  which  can  be  dealt  with  by  the  ordinary  laws  of  mechanics,  supplemented 
by  common  sense." 

Mr.  Boulnois  then  put  the  motion,  which  was  carried  by  acclamation. 

After  some  n'ords  of  tluDiks  from  the  President,  tJie  }}ieetiiig  teri)ii)!aied. 
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ELEVATED  REINFORCED 
CONCRETE  LIME-WATER 
TANKS  for  the  FRIMLEY  & 
FARNBOROUGH  DISTRICT 
WATER  COMPANY. 


By  CLAUDE  PAIN. 

The  follovnng  particulars  should  be  of  interest  to  our  readers,  as  ihe  article  once  more 
proxies  that  reinforced  concrete  not  only  lends  itself  eicellently  for  ivork  of  this  kind  but  is 
considerably  cheaper  than  cast  iron.^ED. 


The  tanks  described  in  this  article  were  conscructed  in  connection  with  a 
water  softening;  plant  for  the  Frimley  and  Farnborough  District  Water  Com- 
pany at  their  Greywell  Pumping  Station,  about  six  miles  from  Basingstoke. 

The  softening  plant,  which  is  worked  on  Clark's  process  and  has  a 
maximum  capacity  sufficient  to  reduce  the  hardness  of  1,000,000  gallons  per 
day  from  18  to  6  degrees  of  hardness,  requires  the  use  of  some  120,000  gallons 
of  lime  water  per  day,  and  it  is  for  the  mixing  and  storing  of  the  lime  water 

that  these  tanks  arc  required.  The  total 
capacity  of  the  tanks  was  made  147,000 
gallons,  which  is  22^  per  cent,  over  the 
actual  quantity  required,  to  allow  for  the 
accumulation  of  spent  lime  deposit  in  the 
bottom  of  the  tanks  before  washing  out 
was  necessary ;  and,  for  general  con- 
venience of  working,  they  were  made  in 
two  independent  units  of  approximately 
equal  capacity. 

As  will  be  seen  from  the  illustrations, 
the  tanks  are  built  side  by  side  over  sub- 
siding basins,  in  which  the  actual  soften- 
ing process  is  carried  out,  and  are 
rectangular  in  section,  each  tank  being 
approximately  70  ft.  long  by  30  ft.  wide 
by  6  ft.  3  in.  deep,  with  a  maximum  depth 
of  water  of  5  ft.  9  in. 

The  subsiding  basins  were  built  of 
o  to  I  mass  concrete,  but  the  lime-water 
tanks  were  constructed  throughout  of 
reinforced  concrete  in  the  proportions  by 
volume  of  4  parts  of  stone  and  2  of  sand 
to  I  of  cement.  The  stone  was  flint 
gravel   screened  to  pass   through  a  J-in. 
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mesh  and  afierwards  waslu/ti  to  rid  it  of  all  dirt.  Tlic  ])iopi)rtion  of  sand 
named  was  sj'aui^cd  from  the  volume  of  water  ne(  ded  to  lill  tin  xoids  in  the 
gravel,  with  an  addition  of  lo  per  cent. 

Twisted   steel   bars   wi'rc   used    throughout    for    thv-    reinforcement,    it    being 
considered  essential  that  maximum  adhesion  should  be  obtained  in  resisting-  the 


END         tLEVATION     

Elevated  Reinforced  Conxretk  Lime-Water  Tanks  for  the  Frimi.f.y  and  Farnkorough 

District  Water  Co. 

temperature  effects  to  which  the  tanks  would  be  subjected  in  their  exposed 
position.  The  bars  were  specified  to  have,  when  twisted,  an  elastic  limit  of  not 
less  than  56,000  lb.  per  square  inch  with  a  minimum  elongation  of  10  per  cent, 
in  8  in.  and  to  stand  the  usual  bending-  test. 

The  general  design  will  be  seen  to  consist  of  the  beam  and  slab  type,  which 
was  chosen  as  being  the  most  suitable. 
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The  calculations  allowed  for  a  unit  compressive  stress  in  the  concrete  of 
600  lb.  per  sq.  in.,  no  tension  beini^;  allowed,  and  a  unit  tensile  stress  in  the 
steel  of  20,000  lb.  per  sq.  in.,  the  ratio  of  the  moduli  of  elasticity  being  taken 
at  15  and  the  stress  strain  curve  as  straight.  One  of  the  chief  considerations  in 
the  design,  owing  to  both  floors  and  walls  being  exposed,  was  the  provision  of 
adequate  reinforcement  to  avoid  temperature  cracks,  such  as  invariablv  develop 
in  plain  concrete,  especially  in  view  of  the  tops  of  the  tanks  being  unrestrained 
by  outside  forces,  whereas  the  bottom  of  the  end  and  division  walls  at  any  rate 
are  restrained  from  contracting  and  expanding  by  their  fixture  to  the  walls  of 
the  subsiding  basins  beneath.  It  was  realised  that  diagonal  stresses  would  be 
set  up  in  the  walls  and  floors  from  this  cause,  especially  at  the  corners,  but  it 
was  considered  that  the  \veb  strength  of  the  wall  and  floor  slabs  would  be 
suflicient  to  pro\"ide  for  these  stresses  without  diagonal  reinforcement,  and 
except  in  the  case  of  one  corner  of  the  floor  where  the  temperature  range  is 
greatest  and  a  slight  hair  crack  developed  in  the  early  stages  of  construction 
this  anticipation  has  been  realised.  Where  it  was  thought  desirable  to  provide 
reinforcement  for  direct  temperature  stresses  a  steel  ratio  of  o"24  per  cent,  was 
allowed  to  compensate  for  a  possible  temperature  range  of  50*-. 

The  columns,  which  rise  from  bases  4  ft.  6  in.  square  laid  directly  on  the 
concrete  bottom  of  the  subsiding  basins,  are  set  at  ;ipproximatel\-  lo-ft.  centres 
in  both  directions,  and  are  3  ft.  10  in.  high  and  10  in.  square,  reinforced  with 
four  |-in.  bars  tied  every  8  in.  with  J-in  bars. 

The  primary  beams,  which  are  at  lo-ft.  centres,  are  24  in.  deep  bv  1 1  in. 
wide  over  the  columns,  reinforced  by  four  -^--in.  bars  at  the  top  and  two  |-in. 
bars  at  the  bottom,  and  are  20  in.  deep  bv  11  in.  wide  in  the  middle,  reinforced 
by  two  |—in.  bars  at  the  top  and  two  f-in.  and  two  i-in.  bars  at  the  bottom, 
hangers  of  A-in.  diameter  wire  being  pro\  ided  at  ii-in.  centres  up  to  the  third 
points  of  the  span. 

The  secondary  beams,  which  aie  at  3-ft.  4-in.  centres,  are  20  in.  deep  by 
7  in.  wide  at  the  ends,  reinforced  by  three  i;-in.  bars  at  the  top  and  two  §-in. 
bars  at  the  bottom,  and  are  17  in.  deep  bv  7  in.  wide  in  the  middle,  reinforced 
by  four  f-in.  bars  at  the  bottom,  hangers  of  i\i-in.  diameter  wire  being  provided 
at  8-in.  centres  up  to  17  in.  from  the  middle  of  the  span. 

The  floor  slab,  which  is  4^  in.  thick,  is  reinforced  bv  ^-in.  bars  at  h-in. 
centres,  alternate  bars  being  bent  up  at  the  third  points  of  the  spans  to  provide 
for  negative  bending-  over  the  secondary  beams,  distributing  bars  \  in.  diameter 
being  provided  at  13-In.  centres. 

The  walls  consist  of  buttresses  at  lo-ft.  centres,  10  in.  wide  and  tapering 
in. thickness  from  24  in.  at  the  root  to  6  in.  at  the  top,  with  panels  between 
tapering  from  9  in.  thick  at  the  bottom  to  6  in.  at  the  top. 

The  buttresses  in  the  side  and  division  walls  are  anchored  at  the  root  to  the 
ends  of  the  primary  beams  by  a  reinforcement  of  two  §-in.  bars  and  the 
upturned  ends  of  the  lower  pair  of  f-in.  bars  in  the  primary  beams.  The  torque 
from  the  ends  of  the  secondarv  beams  being  insufficient  to  balance  the  reaction 
at  the  root  of  the  buttresses  in  the  end  walls,  suflicient  gravity  reaction  had  to 
be  obtained  by  carrying  these  buttresses  on  saddles  and  bringing  the  weight  of 
the  adjacent  secondary  beams  to  the  buttresses  by  two  -^-in.  diagonal  suspension 
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into  the  end  of  th^  second;;:;  bel^  """''""  '''  '"  ^^^'  ^^'  "^^^'  '""^^'^^ 

''V'l!!^!frl2!!^  '"^^^^^^  ^^^^^^  -^^^  ^^-  ^--  vertical  bars  to  bond  the 


.n.  ccnirc.  for  the  whole  height  on  the  outside   face  nnd   for 
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two-thirds  of  the  height  on  the  Inside  face,  J-in.  vertical  distributing-  bars  being- 
provided  at  30-in.  centres. 

if 
I®    I 


The  weight  of  the  panels  in  the  side  walls  is  carried  by  fascia  beams  and 
in  the  end  walls  by  the  diag-onal  suspension  bars  already  mentioned. 
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Elevated  Reinforced  Concrete  Lime-Water. Tanks. 

and  transversely  by  extensions  of  the  i-in.  vertical  distributing-  bars  in  the  wall 
^""""^One  tank  was  constructed  at  a  time,   and  the  Hoor  of  each  tank  was  laid 
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in  three  sections,  tlie  division  between  each  section  being  made  along-  the  middle 
of  a  span.  These  divisions  in  the  first  tank  were  washed  over  with  neat  cement 
grout  as  the  concrete  of  the  next  section  was  put  in  place,  but  in  the  second 
tank  mortar  w^as  used  instead  of  the  grout,  as  it  was  found  that  the  new 
concrete  drew  away  from  the  old  in  setting. 

The  inside  face  of  each  tank  was  rendered  with  2  to  i  cement  mortar,  and 
as  soon  as  this  was  set  and  tlie  pipework  completed  the  first  tank  was  tested  and 
put  into  regular  use.  Afterwards  the  outside  faces  were  rendered  to  obliterate 
the  inequalities  of  the  surface  left  by  the  warping  of  the  shuttering  caused  by 
the  exceptionallv  dry  weather  of  the  summer  of  191 1,  during  which  the  tanks 
were  constructed. 

No  measurable  deflections  could  be  noted  with  a  micrometer  in  the  various 
members,  and  beyond  a  slight  weeping  along  some  of  the  diA'ision  lines  between 
the  sections  the  tanks  have  been  found  to  be  water-tight. 

Probably  no  shrinkage  would  have  been  experienced  at  the  joints  that 
could  not  have  been  taken  up  by  the  elasticity  of  the  rendering  had  it  not 
been  for  the  dry  weather.  No  anxiety  is  felt,  however,  as  to  the  corrosion  of 
the  steel,  as  the  water  contained  in  the  tanks  is  heavilv  charged  with  lime,  which, 
it  is  anticipated,  will  eventually  seal  up  the  joints. 

The  cost  of  the  reinforced  concrete  work  amounted  to  i"2  penny  per  gallon 
of  capacitv,  which  is  roughly  half  the  cost  of  cast-iron  tanks  on  rolled  steel 
joists  and  stancheons. 

The  designs  were  prepared  by  Mr.  Claude  Pain  for  Mr.  Robert  Xunn,  the 
Engineer  to  the  FrimlcA-  and  Farnborough  District  Water  Co.,  and  the 
contractors  for  the  work  were  Messrs.  A.  H.  Ball  &  Co.,  of  Farnham. 
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By  E.  FIANDER  ETCHELLS,  F.Phys.Soc,,  A.M.I. Mech.E. 

Vice-Chairiiuin  of  the  Science  Coinniittee  of  the  Concrete  Institute. 

The  question  of  an  International  Notation  is  one  of  great  importance  for  the  better 
understanding  of  investigations  and  regulations  relating  to  reinforced  concrete.  The 
initiative  for  obtaining  an  International  Notation  in  respect  of  reinforced  concrete  came, 
it  is  curious  to  say,  from  England,  a  late  comer  in  the  field  of  reinforced  concrete  practice. 
The  first  Chairman  of  the  Concrete  Institute,  Mr.  Edivin  O.  Sachs,  F. R.S.Ed.,  pressed 
this  point  actively  at  the  International  Association  for  the  Testing  of  Materials  and  on  the 
International  Reinforced  Concrete  Commission.  It  ivas  further  actively  taken  up  bv  the 
Concrete  Institute,  thanks  largely  to  the  energy  of  Mr.  E.  Fiander  Etchells,  F.Phys.Soc- , 
A. M.I. Mech.E.  Unfortunately  the  suggestion  for  internationalisation  came  someivhat  too 
late  in  the  day  to  obtain  absolute  concord  among  all  nations.  Nevertheless,  a  considerable 
amount  of  unanimity  has  been  arrived  at  on  certain  primary  points,  and  the  result  has  been 
that  if  no  uniform  notation  has  been  obtained  for  the  ivhole  of  the  civilised  ivorld,  at  least 
certain  guiding  principles  have  been  arrived  at,  and  the  notation  may  broadlv  be  divided 
into  tivo  sections  for  the  English-speaking  countries  and  the  continental  countries.  England, 
being  such  a  late  comer  into  the  reinforced  concrete  arena,  has  been  at  a  disadvantage  in 
pressing  the  matter,  even  among  the  English-speaking  countries,  for  the  United  States  "were 
obviously  far  advanced  in  reinforced  concrete  ivork  before  the  matter  'was  seriously  brought 
up.  But,  for  all  that,  considerable  progress  has  been  made.  As  to  England  herself,  this 
•work  has  been  of  the  highest  possible  benefit,  as  indicated  in  the  article  given  belov),  and 
quite  a  number  of  influential  bodies  are  adopting  a  uniform  form  of  notation. — ED. 


The  Editor  has  asked  for  an  article  dealing-  with  standard  notation,  giving  a 
short  history  of  the  work  done  in  this  matter,  and  showing  how  the  final  nota- 
tion was  arrived  at. 

This  is  rather  a  comprehensive  request,  for  this  question  of  standard 
notation  was  under  consideration  in  Egyptian  temples  more  than  3,500  years 
ago,  and  the  final  report  of  the  Concrete  Institute  has  not  been  drafted  yet. 
However,  it  is  proposed  to  shorten  the  history  by  omitting  all  reference  to 
work  earlier  than  ^884,  when  Professor  Jamieson  wrote  a  paper  for  the 
Institution  ol  Electrical  Engineers  on  "  Electrical  Definitions  Nomenclature 
and  Notation." 

On  November  5th,  1884,  Monsieur  Hospitaller  made  a  communication  to 
the  Societe  Internationale  des  Electriciens  on  "  The  Standardisation  of  Elec- 
trical Notations  "   (Paris   i88j|). 

Some  of  the  points  of  the  Hospitalier  Notation  were  adopted  by  the  Con- 
crete Institute  in  1909,  and  may  be  found  in  their  Transactions.  /^See  \'ol.  I., 
part  3,  page  XL.  of  the  Notes.) 

Professor  Jamieson's  paper  was  read  on  May  14th,  1885.  A  committee  of 
the  Institution  of  Electrical  Engineers  was  afterwards  formed,  but  they  dealt 
principally  with  the  definitions  and  nomenclature. 

There  v.'ere  also  conferences  on  electrical  notation  in  America  in  1893,  and 
again  in   1905. 

The   next   step  appears   to   have   been   taken   by   the   Civil   and   Mechanical 
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Engineers'  Society.  On  January  2nd,  1908,  the  above  society  held  a  conference 
on  Standard  Notation  for  Engineering  Formulae. 

A  number  of  papers  were  presented,  including  one  by  the  writer,  who 
laid  down  nine  guiding  principles,  all  of  which  have  since  formed  the  basis 
of  later  work  by  other  technical  societies.* 

These  principles  represented  an  effort  to  establish  a  natural  system  of 
notation  which  should  find  its  sanction  in  Psychology  and  Logic,  instead  of 
following  the  di\crse  and  irrelevant  symbols  arbitrarily  introduced  bv  various 
authors. 

It  was  proposed  to  ehminate  the  personal  element  from  notations,  and 
to  leave  the  symbols  to  be  a  practical  and  effective  index  to  the  quantities 
represented. 

On  July  29th  and  August  5th,  1909,  it  was  suggested  that  the  Concrete 
Institute   should  take  up  this  question  of   Standard  Notation.! 

On  October  29th,  1908,  the  Council  of  the  Concrete  Institute  referred 
these  recommendations  to  their  Science  Committee. 

This  Committee,  at  its  first  meeting  on  December  3rd,  1908,  discussed 
these  suggestions,  and  at  the  same  time  had  under  consideration  the  principles 
formulated  at  the  Conference  of  the  Civil  and  Mechanical  Engineers'  Society; 
and  also  considered  a  copy  of  an  international  notation  which  had  been  put 
forward  at  Basle  on  October  12th,  190S,  by  the  International  Commission  on 
Reinforced  Concrete  (formed  by  the  parent  body,  the  International  Associa- 
tion for  Testing  Materials). 

That  Commission,  b}-the-b}-,  which  comprised  some  19  members  represent- 
ing nine  countries  under  the  chairmanship  of  Professor  Schiile,  of  Zurich, 
left  the  detail  of  obtaining  an  agreement  on  the  subject  of  uniform  nota- 
tion to  a  special  sub-committee  comprising  Professor  Melan,  of  Prague;  M. 
Mesnager,  of  Paris  ;  Professor  Maillart,  of  Zurich ;  Meinheer  Rutgers,  of 
Rotterdam ;  and  Mr.  Edwin  O.  Sachs,  of  London,  who  in  their  turn  recom- 
mended that,  (aj  small  roman  letters  should  be  employed  for  longitudinal 
data  and  loads  per  unit  length;  (b)  roman  capitals  should  be  used  for  areas  and 
•  forces ;  (c)  small  Greek  letters  should  -be  used  for  coeflicients  and  for  expressing 
stresses  (forces  per  unit  area),  and  further  prepared  a  schedule  of  notations 
based  on  these  principles.  1 

It  should  perhaps  immediately  be  added  here  that  this  particular  recom- 
mendation was  adopted  at  the  Copenhagen  meeting  of  the  Commission  of 
September  5lh,  1909,  and  further  confirmed  at  the  New  York  meeting  of  the 
International  Association  for  the  Testing  of  Materials  in  September,  1912,  but 
that  in   both  instances  it   was   clearly    put  forward    that   the    uniform    notation 

*  Vide  Transactions  of  the  Civil   and   Mechanical  Engineers'   Societ.v   (now   the   Society  of 
Engineers),  49th  Session,  IQ07-8,  page  yf. 

Also  see  Transactions  of  the  Concrete  Institute,  Vol.  I.,  Part  i,  page  xiv.  of  Notes. 

Also  see  Report  of  the  Royal  Institute  of  British  Architects  on  Reinforced  Concrete,   igii 
(Key  to  the  Notation). 

Also  see  Presidential  Address  of  the  Association  of  Engineers  in  Charge  on  October  13th, 
iQcg. 

t  Vide  Transactions  of  the  Concrete  Institute,  Vol.  I.,   Part  3,  page  xxxvi.  of  the  Notes. 

+  Concrete  and   Constrcctionai.  Engixeertng,   page  660,    September,    1912     (Vol.   VII. 
No.  9). 
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suggested  would  lia\c  to  li.nc  ccrl.iin  mi)dil"ic;itions  for  the  I-Lnglish-spcaking 
countries,  and  tliat  some  agreement  should  he  arrived  at  in  this  respect  by  the 
United  Stales  of  America,  Great  Britain  and  its  Colonies,  so  that,  as  a  matter 
of  fact,  a  uniform  notation  would  only  he  uniform  in  part  with  a  sub-section 
for  the  English-speaking  countries  and  a  sub-section  for  die  Continental 
countries. 

On  Januar\  14th,  1909,  the  Science  Committee,  under  the  chairmanship  of 
Mr.  William  Dunn,  resolved  to  proceed  with  the  notation  in  conformity  with 
the  principles  formulated  by  the  writer  on  January  2nd,  1908,  which  were 
partiallv  supported  by  the  recommendations  of  the  International  Commission 
{i.e.,  in  respect  of  the  use  of  three  alphabets  and  the  partial  use  of  initial  letters). 
^^'ith  regard  to  a  universal  notation  the  Concrete  Institute  were  of  opinion 
that : — 

"  An  international  system  of  notation  would  not  appear  suitable  for  daily 
national  use,  for  in  so  far  as  it  was  self-explanatory  to  the  English-speaking  people, 
so  far  would  it  be  a  matter  of  memory  to  the  other  nations,  and  vice  versa. 

"  An  artificial  and  arbitrarv  notation  devised  by  savants  for  international  use 
could  not  hope  to  obtain  the  unanimous  support  of  any  nation,  for  a  polyglot 
notation  would  be  more  of  a  hindrance  than  a  help  to  the  majority  in  any  cnuntry." 

It  was  suggested  that  the  notation  should  follow  the  language  of  the  text— 
i.e.,  that  French  notation  should  be  an  abbreviation  of  French  words  and 
German   notation  of  German   words. 

It  will  thus  be  seen  that  an  international  notation  should  be  a  natural 
derivatixe  of  an  international  language  (if  any). 

A  special  sub-committee*  was  appointed  to  draw  up  a  list  of  symools  in 
conformitv  with  the  principles  agreed  upon  and  to  prepare  a  draft  Report. 
Each  svmbol  was  discussed  separately,  and  each  member  of  the  committee  gave 
rareful  attention  to  all  the  pros  and  cons  of  every  suggestion.  The  draft 
Report  was  afterwards  discussed  by  the  full  committee  under  the  chairmanship 
of  Mr.  U'illiam  Dunn,  F.R.I.B.A.,  and  was  afterwards  discussed  and  approved 
by  the  Council  of  the  Concrete  Institute. 

The  result  was  the  document  issued  to  the  various  technical  societies  and 
institutions  and  to  the  technical  Press  in  January,  1910,  entitled  "  Standard 
Algebraical  Notation." 

ADOPTION    OF    THE    NOTATION. 

Since  that  date  the  notation  has  been  adopted  by  the  British  Joint  Com- 
mittee on  Reinforced  Concrete.  [Vide  Second  Report  issued  by  the  Royal 
Institute   of  British   Architects   191 1.) 

It  has  also  been  adopted  in  the  draft  regulations  in  respect  of  Reinforced 
Concrete. 

It  has  been  favouranh'  received  in  .\merica,  aiid  is  at  present  under  the 
consideration  of  the  American  Joint  Committee   on  Reinforced   Concrete. 

It  is  also  now  employeti  in  the  majority  of  recent  text  books  on  reinforced 
concrete  or  allied  subjects. 

It  is  also  being  adopted  in  the  \arIous  college  courses  on  reinforced  con- 
crete throughout  the  country. 

*\'jde  Transactions  of  the  Concrete  Institute,  Vol   I.,   Part  3,   page  xxxvii.  of  the   Notes. 
Also  vide  Transactions  of  the  Concrete  Institute,  Vol.   II.,   Part   i,   page  xiii. 
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FUTURE    WORK. 

The  Concrete  Institute  are  at  present  eng-agcd  in  applying-  the  principles 
to  the  symbols  used  in  oiher  branches  of  structural  engineering-.  They  will 
be  glad  to  receive  and  consider  any  suggestions  which  may  be  made  to  them 
through  the  Secretary. 

These  suggestions  may  deal  with  broad  questions  of  principle  or  even 
suggestions  as  to  the  uses  of  any  particular  symbol. 

PREVENTION    OF    FUTURE    CHAOS. 
One   of   the   great  sources   of  confusion    in    notation    is    the  translation   of 
technical  books  by  persons  who  may  be  able  to  translate  the  text,  but  who  may 
not  be  competent   to  translate  the  equations   ino   more  homely  svmbols.      They 
read  : — 

E^^ module  d'elasliciie  heto)i,  but  they  seem  afraid  to  translate  this  into — 
E  =Elastic  modulus  of  the  concrete,  and  so   the\-  only  translate  one  side  of  the 
equation.     They  read  : — 

D  =  Dnich:krixh 
Z  =  Zugkrait 
and  yet  they  seem  too  timid  to  say — 

C  =  Compression 
T  =  Tension 
and  so  we  get — 

D  =  Compression  and 
Z  — Tension. 
And  this  is  handed  out  to  us  as  a  complete  translation. 

If  reader.-,  would  only  take  the  trouble  to  write  to  all  such  "  semi- 
translators,"  pointing  out  that  they  have  only  half  done  their  work,  it  is  probable 
that  later  editions  would  be  more  readable  and  more  acceptable  to  the  persons 
who  require  a  translation. 

Many  a  good  book  is  spoiled  by  being  only  half  translated.  A  complete 
translation  necessitates  more  work  for  the  translator;  but  "  hard  writing  makes 
easy  reading,"  and  there  are  thousands  of  readers  to  one  writer.  Besides,  it 
is  presumed  that  the  translator  A\ishes  his  book  to  be  widely  read;  therefore  he 
should  make  it  widely  readable. 

The  latest  form  of  the  standard  algebraical  notation  as  applied  to  reinforced 
concrete  formulae  is  appended  herewith. 

KEY    TO    THE    NOTATION. 

(1 )  The  notation  is  built  up  on  the  principle  of  an  index. 

(2)  The  significant  words  in  any  term  are  abbreviated  down  to  their  initial  letter,  and 
there  are  no  exceptions. 

(3)  Capital  letters  indicate  relative  grcatenicss,  including  total  forces,  total  loads, 
areas,  volumes,  moments,  ratios,  and  constants. 

(4)  Small  letters  indicate  relati\e  hsserness,  including  intensity  of  forces,  intensity  of 
loads,  and  intensity  of  stresses,  lilieal  dimensions  (lengths,  distances,  &c.),  ratios,  and 
constants,  &c. 

(5)  Dashed  letters  indicate  ratios,  such  as  a,  c,  ii^  &c.,  where  the  a,  c,  and  n  indicate 
the  numerators  in  the  respective  ratios.  The  dash  itself  is  mnemonic,  and  is  an  abbre- 
viation of  that  longer  dash  which  indicates  division  or  ratio. 

(6)  Subscript  letters  are  only  used  where  one  letter  is  insufficient ;  and  the  subscript 
letters  themselves  are  the  initial  or  distinctive  letters  of  the  qualifying  words. 
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(7)  Greek  letters  indicate  ratios  and   constants.     They  are  sparingly   used,   and  are 
subject  to  the  "  initial  letter  "  principle. 

(8)  A  superscript  dash  indicates  dimensions  in  feet,  vide  L. 

STANDARD    NOTATION. 

(,In  beams)  ^.  =  Area  of  tensile  reinforcement  (in  square  inches). 
(In  pillars)  A  =  the  effective  area  of  the  pillar. 

Ag  =  net  area  of  concrete  in  a  pillar  =  A  — A^,. 

A^  =  Area  equivalent  to  some  given  area  or  area  of  an  equivalent 

section  or  equivalent  area. 
>lj^  =  cross-sectional  area  of  one  bar  of  the  lateral  reinforcement  of  a 

pillar  (square  inches). 
Aj,  =  cross-sectional  area  of  a  vertical  or  diagonal  shear  member,  or 
group  of  shear  members,  in  the  length  p,  where  ^  =  pitch  of 
stirrups. 
Ay  =  Area  of  vertical  reinforcement  of  a  pillar  in  square  inches. 
a  =  arin  of  the  resisting  moment  or  lever  arm  (in  inches). 
a,  =  arni  ratio  —  ad.'.a,  d  =  a. 

B  =  Bending  moment  of  the  external  loads  and  reactions  (in  pound 
inches). 
B,  B.,  — Bending  moments  at  consecutive  cross  sections, 
(generally)  b  =  brcadth. 
(In  tee  beams)  h  =  hreadth  of  flange  of  beam  (in  inches). 
hr  =  hreadth  of  rih  of  T  beam  (in  inches). 
ji  =  Bitckling  factor  in  pillar  equations. 
Ci  C2  €3  =  a  series  of  constants. 
(In  beams)  c  — compressive  stress  on  the  compressed  edge  of  the  concrete  (in 

pounds  per  square  inch). 
(In  pillars)  c  =  di'^ect  compressive  stress  on  concrete  not  hooped. 
c„  =  mean  compressive  stress. 
Cg  — compressive  stress  on  steel. 
c„  =  compressive  stress  on  concrete  at  the  underside  of  the  slab  (in 

tee  beams). 
Cj  —  clt  =  the  ratio  of  c  to  t. 
D  =  Depth  in  feet. 

[The    capital  letter  indicates  the  relative  greaterness  of  the 
unit,  but  the  symbol  should  only  be  used  when  it  is  necessary 
to  distinguish  between  D  and  d.    d'  may  be  used  for  depth 
in  ieet  [(if  preferred.)] 
(In  circular  sections 

generally)  d  =  diameter. 
(In  rectangular  sections 

generally)  (i  =  (^/t'/'^/;. 

(In  pillars)  d  =  the  diameter  of  the  hooped  core  in  inches. 
(In  beams)  rf  =  effective  deptli  of  the  beam  (in  inches). 

d^  =  depth  or  distance  of  the  centre  of  compression  from  the  com- 
pressed edge  of  the  beam. 
d„  =  deflect  ion. 

rf^,  =  total  depth  of  the  slab  (in  inches). 
d^,  — distance    between   the    centres    of    vertical    bars    in    pillars 

measured  perpendicular  to  the  neutral  axis. 
d,=d  if,  =  ratio  of  effective  depth  of  beam  to  total  depth  of  slab. 
(generally)  K  =  Elastic  modulus  of  any  material. 

¥.,.  =  Elastic  modulus  of  concrete  (in  pounds  per  square  inch). 
Kg  =  Elastic  modulus  of  steel  (in  pounds  per  square  inch). 
e  — eccentricity  of  the  load  measured  from  the  centre  of  the  pillar 
(in  inches). 
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(In  beams)  f=_tiexural  stress  =  extreme  fibre  stress,  i.e.  stress  at  the  extreme 

"  fibre  "  of  an}'  member  under  transverse  load. 
(In  pillars)  f=a.  form  factor  or  constant  which  will  vary  according  to  whether 

the  hooping  is  curvilinear  or  rectilinear,  &c. 
(generally)  g=  gravity  coefficient  =  32'2. 
(In  pillars)  g— gyration  radius. 

l  =  Ine!'tia  moment  of  a  member. 
l^  =  Inertia  moment  of  concrete  only. 
lg  =  Inertia  moment  of  steel  only. 
l^^  =  Inertia  moment  on  axis  xx  when  necessary. 
lyy  =  Inertia  moment  on  axis  YY  when  necessary. 

i  =  increased   stress  permissible  on  the  core    of  a  pillar  suitably 

hooped. 
i  =  c[l+/sr]. 
1^  =  Length  in  feet,  or  V  may  be  used  [if  preferred]. 

[The  capital  initial  indicates  the  relative  greaterness  of  the 
unit,  but  the  symbol  is  only  to  be  used  when  it  is  necessary 
to  distinguish  between  L  and  Z.] 
l  =  length  of  a  pillar  or  effective  length  of  span  of  beam  or  slab. 
in  =  modular  ratio  =  E^Ej,. 
'^  =  a.  numerical  coefBcient. 
No  Na  N4  =  a  series  of  numerical  coefficients. 

n=  neutral  axis  depth,  i.e.  depth  of  neutral  axis  from  the  extreme 

compresse  1  edge  (in  inches). 
n,  =  n  d  =  the  neutral  axis  ratio  .'.  n,  d  =  n. 
P  =  total  safe  pressure. 
(In  pillars)  p  =  the  pitch  or  the  laterals  in  inches  {i.e.  the  axial  spacing  of  the 
laterals). 
(In  shear  formulae)  p=pitch  or  distance  apart  (centre  to  centre)  of  the  shear  members 
or  groups  of  shear  members  (measured  horizontally). 
^j,  =  percentage  of  reinforcement. 

r^  =  r  .•.^.  =  100;-.'l 
LlOO  ^^  J 

■JT  =  peripheral    ratio    or    the    circumference    of    a    circle    to    its 

diameter. 

R  =  Resistance  moments  generally. 

'R^  =  Compressive  Resistance  momeni  =  Resistance  mom.eni  oi  the 

beam  in  terms  of  the    compressive  stress    (in  pound  inch 

units).     (When  necessary  to  distinguish  from  R^.) 

Rf  =  Tensile  Resistance  moment  or  Resistance  moment  in  terms  of 

the    tensile    stress     (in    pound   inches).      Only    used    when 

necessary  to  distinguish  from  R^,. 

(In  beams)  r  =  A,  hd  =  ratio  of  area  of  tensile  reinforcement  to  the  area  hd. 

(In  pillars)  j'  =  V,,  V  =  the  ratio    of  volumes,  i.e.  the  ratio   of  the  volume  of 

helical  or  horizontal  reinforcement  to  the  volume  of  hooped 

core. 

(In  beams)  S  =  the  total  shear  in  pounds  at  a  vertical  section. 

S,,=^  Safety  factor  =  —. 

S,„  =  the  section^modulus. 
(In  pillars)  s  =  Spacing  factor  or  constant  which  will  vary  with  the  pitch  of  the 

laterals. 
(In  beams)  s  =  intensity  of  the  shearing   stress    on   concrete  in    pounds    per 
square  inch. 
Sg  =  shearing  stress  on  the  steel  (in  units  of  force  per  unit  of  area). 
s,  =  dg^d  =  the  slab  depth  ratio. 
T  =  Total  tension  in  the  steel  (in  pounds). 
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T,  T:;  =  Total  tensile  forces  at  consecutive  cross  sections. 

t  =  tensilc  stress  on  the  steel  (in  pounds  per  stjuare  inch). 
U=Total  ultimate  breaking  load  on  any  member. 

[Compare  W=  Workifif^  load.] 
«/=intensity  of  ultimate  crushing,'  resistance  of  plain  concrete  per 
unit   of  area  or  ultiiiuitc  compressive   stress  on   prisms   of 
concrete  not  hooped, 
(generally)  V=FoZ/r»/c. 
(In  pillars)  V=  Volume  of  hooped  core  in  cubic  inches. 

V,,  =  Volume  of  helical  reinforcement  in  cubic  inches. 
W  =  total  wording  load  or  wei,i;lit  on  any  member. 
Wj.  =  the  worl-ing  factor  =  the  reciprocal  of  the  safety  factor. 
w  =  weight  or  working  load  per  unit  of  length  of  span. 
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CREATING    A    MOUNTAIN 
LAKE. 

THE  HUGE  MASONRY  OF  THE  AUSTRALIAN  BURRINJUCK  DAM. 

By  F.  M.  CUTLACK. 

Below  ive  present  some  interesting  particulars  regarding  the  great  Dam  across  the  Gorge 
at  Barren  Jack  Mountain  in  Neiv  South  Wales. — ED. 


The  great  dam  across  the  gorge  at  Barren  Jack  Mountain  on  the  Murrumbidgec 
River  in  New  South  Wales  is  the  second  largest  in  the  world.  Only  Assuan, 
in  Egypt,  eclipses  it  in  size  and  power,  but  the  Assuan  Dam,  though  larger, 
cannot  compare  in  picturesqueness  with  this  big  irrigation  work  in  Australia. 

The  Burrinjuck  Dam  is  a  huge  barrier  across  the  deep  river  bed  higli  up  in 
the  mountains  at  the  river's  source,  and  the  ridges  behind  it,  which  will  form 
the  natural  containing  walls  of  the  inland  sea  to  be  thus  created,  are  nowhere 
lower  than  2,000  ft.  above  the  ri\'er  bed  level. 

The  dam  will  store  a  lake  of  water  of  12,740  acres,  sufficient  to  cover 
766,324  acres  to  a  depth  of  one  foot.  The  waters  stored  and  regulated  by  the 
dam  flow  down  the  channel  of  the  ri\er  for  200  miles  to  Berembed,  where  the 
diversion  weir  and  head  works  are  situated.  At  Berembed  a  flow  of  2,000 
cu.  ft.  of  water  per  second  is  available  for  irrigation  purposes,  without  in  any- 
way interfering  with  the  riparian  rights  along  the  whole  length  of  the  river 
channel.  The  main  irrigation  canal  is  64  ft.  wide  at  the  water  level,  with  a 
flow  of  8  ft.,  equal  to  a  discharge  of  1,000  ft.  per  second,  though  this  capacity 
will  eventually  be  doubled. 

As  described  by  the  constructing  engineers,  the  dam  is  of  concrete  formed 
of  broken  granite  ballast,  silicious-  sand,  and  Portland  cement,  with  displacer 
blocks  embedded  in  the  mass.  The  retaining  wall  is  placed  in  the  neck  of  the 
Barren  Jacl:  gorge,  and  is  to  be  carried  to  an  ultimate  height  of  2-jo  ft.  from 
foundation  to  crest,  with  an  available  maximum  storage  depth  of  2co  ft.  from 
the  invert  of  the  outlet  culvert  to  the  full  supply  level  of  the  dam.  It  is  784  ft. 
long  and  curved  on  j)lan  to  a  radius  of  1,200  ft.,  with  the  convex  face  upstream. 
The  width  of  the  base  at  the  deepest  part  is  160  ft.  The  lower  20  ft.  has  vertical 
faces  both  up  and  down  stream,  and  above  these  the  width  suddenly  diminishes 
to  145  ft.  Thence  the  upstream  face  has  a  batir  of  i  in  20,  and  the  back  or 
downstream  face  a  slope  of  ;  horizontal  to  \h  \'ertical  up  to  a  point  60  ft. 
below  the  crest.  Above  this  the  face  will  be  continued  \'erticall\-,  and  the  back 
by  a  cur\'e  of  al^out  108  ft.  radius,  convex  downstream  and  terminating 
normally  to  the  crest.     The  crest  will  be  18  ft.  wide. 

The  supply  outlet  is  by  a  tunnel  set  in  the  body  of  the  main  wall  and 
measuring  14  ft.  3  in.  by  13  ft.  The  outlet  is  to  be  controlled  by  suitable 
valves  ;  worked  by  gearing  from  a  masonry  tower  standing  out  upstream  from 
the  body  of  the  main  structure,  and  the  flow  regulated  by  a  second  set  of  valves 
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near  the  downstream  face.  An  access  tunnel,  6  ft.  by  4  ft.,  chieflv  to  facilitate 
inspection,  will  traverse  the  length  of  the  dam  38  ft.  below  the  crest  and  be 
approached  by  a  shaft  at  each  end.  To  control  the  action  of  water  passing 
from  the   reservoir  through  the  by-washes  in   time  of  iltjod  a   low   weir  will  be 


made  to  form  a  pool  or  cushion  for  the  descending  waters,  so  that  they  may 
become  quiescent  before  passing  down  the  river  channel.  This  is  to  prevent 
any  cutting  back  action  of  the  water  which  might  eventually  endanger  the  safety 
of  the  dam. 

The  foundations  of  the  dam  are  as  good  as  they  can  possibly  be.      They  are 
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built  into  a  solid  granite  rock  which  forms  the  bed  of  the  river  just  at  this 
gorge.  The  structure  is  of  Cyclopean  rubble,  the  material  for  the  concrete  and 
large  blocks  of  stone  being  obtained  from  the  granite  from  the  sides  of  the 
gorge,  which  is  extremely  hard  and  very  suitable  for  the  purpose.  So  con- 
venient is  the  material  to  hand  that  the  cost  per  acre  foot  stored  in  completed 
dam  will  not  be  more  than  /!"i.  This  compares  very  favourably  with  the  acre 
foot  cost  of  the  Assuan  ?vIasonry  Dam  (;£'2'72),  though  the  Roosevelt  Cyclopean 
Rubble  Dam  in  Arizona,  which  presents  many  features  similar  to  Burrinjuck, 
was  estimated  to  cost  only  ;£/48  per  acre. 

The  Cyclopean  concrete  of  the  retaining  wall  is  concrete  work  with  large 
stones  up  to  15  tons  in  weight  embedded  in  it.  It  is  estimated  that  there  will 
be  in  all  50,000  tons  of  cement  required,  the  whole  of  which  is  being  locally 
made  and  supplied. 

In  order  to  handle  this  vast  bulk  of  masonry,  the  provision  of  a  special 
plant  for  the  purpose  became  necessary.  The  gorge  is  spanned  along  the 
length  of  the  dam  by  three  cableways,  or  suspension  ropes,  of  1,100  ft.,  or 
slightly  less  than  a  quarter  of  a  mile,  in  span.  These  cableways,  which  are 
about  400  ft.  above  the  bed  of  the  gorge,  handle  a  maximum  load  of  15  tons, 
and  are  being  utilised  for  conveying  concrete,  large  stones,  and  for  handling 
and  moving  the  plant  on  the  wall,  which  consists  of  an  installation  of  lo-ton 
cranes.  These  cableways  and  the  whole  of  the  plant  on  the  work  are  actuated 
electrically  from  a  central  power  station.  The  cyclopean  concrete  work,  which 
will  form  the  dam  wall,  is  built  up  of  a  series  of  units,  each  separate  unit 
representing  the  average  quantity  of  concrete  that  can  be  placed  in  one  full 
day's  work.  Each  of  these  units  practicallv  represents  the  space  occupied  bv  a 
good  six-roomed  cottage.  They  are  designed  so  as  to  break-joint  in  every 
direction,  and  in  this  respect  represent  a  gigantic  form  of  masonry  construction. 
The  object  aimed  at  is  to  have  eacli  unit  a  solid  mass  without  anv  joints  or 
breaks  caused  by  an  intermission  of  work. 

The  chiefly  responsible  engineer,  in  reporting  on  the  plans  for  the  construc- 
tion of  the  dam,  was  very  confident,  not  only  of  the  capacity  of  the  dam  to 
provide  sufficient  water  for  the  irrigation  area,  but  also  of  the  capacity  of  the 
dam  wall  to  hold  up  against  the  tremendous  pressure  of  fortv  miles  of 
backed-up  river  waters.      He  said  : 

"  .\s  to  the  security  of  the  structure,  the  design,  tested  b\'  Delocre's 
method,  fully  complies  \\ith  the  conditions  laid  down  by  him.  The 
resultant  lines  of  pressure,  for  reservoir  full  and  reservoir  empty,  fall  well 
within  the  middle  third  of  the  mass.  The  stability  and  durability  of  the 
structure  will  therefore  depend,  practically,  on  the  character  of  the  founda- 
tions, the  qualit}  of  the  materials  employed  in  the  construction,  and  the 
character  and  qu;dity  of  ihe  workmanship.  The  computed  maximum 
pressures  on  the  foundations  are — at  the  inner  toe,  15  tons,  and  at  the 
downstream  talus,  i-i"2  tons  per  square  foot;  wliilst  the  ultimate  resistance 
to  crushing  of  concrete,  made  from  the  available  material,  and  according 
to  the  specification  adopted,  is,  from  the  results  of  tests  made  at  the 
Sydney  University,    180  tons  per  sq.   ft.      The  factor  of  safety  in  strength 

180 
IS    therefore =1^;    that    usuallv    deemed    indispensable    in    such    works 

•5  -  _ 

being  from  8  to  10.      The  resislance  to  o^■erturning  is  found  by  comparing 
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the  resultant  o{  the  niaxinium  water  pressure  ag"ainst  the  face  of  the  dam 
by  the  weight  of  its  mass,  multi|)liecl  in  each  case  by  the  leverage  under 
which  it  acts.  The  maximum  pressure  against  a  lineal  foot  of  the  dam  at 
its  highest  point  is  737' 1*^1  tons,   acting  at  '(vhh  ft.    above  the  le\el  of  its 


base.  Hence  the  overturning-  moment  is  737"  16  tons  by  76*66  ft.,  equal  to 
56,5 1 5"6  foot-tons  per  lineal  foot.  The  moment  of  stability  of  each  lineal 
foot  of  the  dam,  at  its  g-reatest  height,  is  i,i78'5  tons,  the  weight  of  the 
section,  acting-  at  the  centre  of  gravity,  which  is  distant  horizontally 
103*65  ft.  from  the  down-stream  toe.  It  is  therefore  i,i78'5  tons  by 
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103-63    ft.;    equal    to     122,126    foot-tons.       And    the    factor    of    safety    in 

.....        1 22,128 
stability  IS      — t—v^  ,  equal  to  2-ib.      That  is,  the  resistance  to  movement 

of  the  mass  is  116  per  cent,  in  excess  of  the  overturnino-  moment." 


The  Burrinjuck  Gorge,  lookinf*  downstream. 
The  Burrin'juck  Dam,  New  Sovth  Wales,  Australia. 

It  only  remains  to  say  that  the  Murrumbidg-ee  irrigation  scheme  is  already 
working-,  and  the  first  area  of  over  13,000  acres  is  being-  irrig-ated  bv  settlers. 

The  Burrinjuck  Dam  itself  is  not  yet  completed  to  its  full  heig-ht  of  240  ft. 
The  eng-ineers  from  the  outset  were  prepared  to  allow  the  inaug-uration  of  the 
scheme  to  take  place  as  soon  as  the  dam  reached  a  height  of  120  ft.  As  the 
dam  has  increased  in  heig-ht,  so  the  irrigation  area  watered  is  correspondinglv 
enlarg-ed. 
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TORONTO   AND 
REINFORCED   CONCRETE. 

THE     NEW     BY-LAWS     OF     1912 

FOR  REGULATING  REINFORCED 

CONCRETE   CONSTRUCTION 


We  have  from  time  io  time  published  the  Regulations  and  By-Laius  of  different  countries 
as  regi.rds  Reinforced  Concrete,  and  in  vieia  of  the  increasing  use  of  this  form  of  construction 
in  our  Colonies,  lue  now  present  the  new  By-Laws  recently  passed  for  the  City  of 
Toronto. — ED. 


I. — Term. 
The  term,  "  reinforced  concrete,"  as  used  in  this  by-law,  is  to  be  understood  to  mean 
an  approved  concrete  mixture  reinforced  by  steel  of  any  shape  so  combined  that  the  steel 
will  take  up  the  tensional  stresses  and  assist  in  the  resistance  to  shear,  and  the  con- 
struction must  be  of  such  a  nature  that  the  stresses  can  be  calculated  by  the  accepted 
formulas  of  modern  engineering  practice. 

II. — General. 

(i)  Before  permission  to  erect  any  reinforced  concrete  structure  or  any  structure 
containing  reinforced  concrete  is  issued,  complete  drawings  and  specifications,  signed 
by  the  architect  or  engineer  who  designed  the  structure,  and  clearly  showing  all  details 
of  the  proposed  construction,  and  the  size,  shape  and  position  of  all  reinforcing  rods, 
stirrups  or  other  forms  of  metal,  also  a  certified  copy  of  the  computations  of  the  archi- 
tect or  engineer  showing  how  the  strength  of  the  different  portions  of  the  structure 
was  arrived  at,  shall  be  submitted  to  the  department  of  the  city  architect  and  sujjer- 
intendent  of  building  for  examination  and  approval,  and,  when  satisfactory,  the 
approved  signed  drawings,  specifications  and  static  computations  shall  be  filed  in  the 
said  department  until  the  completion  of  the  work,  provided,  however,  that  permission 
to  erect  any  reinforced  concrete  structure  does  not  in  any  manner  imply  the  acceptance 
of  the  work  or  relieve  the  architect  or  engineer  who  designed  the  structure  from  full 
responsibility  for  the  actual  construction. 

(2)  .All  reinforced  concrete  construction  shall  be  performed  under  the  personal  and 
constant  supervision  of  either  a  fully  qualified  engineer  or  competent  superintendent. 

(3)  It  shall  be  the  duty  of  the  engineer  or  superintendent  in  charge  of  the  work 
to  keep  an  exact  record  of  the  progress  of  each  operation,  which  record  shall  clearly 
show  the  position  of,  and  give  the  date  of,  placing  of  all  concrete  and  the  date  of  re- 
moval of  forms,  a  certified  copy  of  which  is  to  be  furnished  the  inspector  of  buildings 
weekly ;  and  upon  the  completion  of  the  work  the  correctness  of  the  records,  which 
have  been  furnished  weekly,  to  be  certified  to  and  sworn  to,  if  considered  desirable,  bv 
the  person  under  whose  constant  supervision  the  work  was  carried  out. 

(4)  Inspection  by  the  engineer  or  superintendent  in  charge  shall  cover  the 
following  : 

(a)  The  materials ; 

(b)  The  correct  construction  and  erection  of  the  forms  and  supports  ; 

(r)  The  sizes,  shapes,  arrangement  and  fastening  in  position  of  all  reinforce- 
ments ; 

(d)  The  proi)ortioning,  mixing  and  placing  of  the  concrete; 

(c)  The  strength  of  the  concrete  by  tests  of  standard  test  pieces  made  during 
the  progress  of  the  work ; 

(/)  Whether  the  concrete  is  sufl'iciently  hardened  before  the  forms  and  supports 
are  removed  ; 
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(g)  Prevention  of  injury  to  any  part  of  the  structure  by  and  after  removal  of 
the  forms  ; 

(h)  Comparison  of  dimensions  of  all  parts  of  the  finished  structure  with  the 
plans. 

(5)  The  execution  of  reinforced  concrete  work  shall  be  confided  to  workmen  accus- 
tomed to  this  class  of  construction,  who  shall  be  under  the  control  of  a  competent  fore- 
man, and  it  is  to  be  distinctly  understood  that  under  no  conditions  will  the  engineer 
or  superintendent  in  charge  of  the  work  be  permitted  to  act  in  the  dual  capacity  of  both 
inspector  and  foreman. 

III. — Forms. 

(i)  All  forms  shall  be  built  rigid,  plumb  and  true,  thoroughly  braced  and  with  tight 
joints,  so  that  no  appreciable  part  of  the  concrete  mixture  can  escape,  and  their  interior 
dimensions  must  conform  to  the  dimensions  of  the  concrete  sections  shown  upon  the 
approved  plans.  All  forms  shall  be  supported  so  as  to  carry  the  dead  load  of  the  con- 
struction as  a  liquid  without  spring  or  deflection,  and  any  form  that  becomes  twisted 
or  warped  shall  be  correctly  adjusted  before  concrete  is  placed  therein.  Building  paper 
will  not  be  allowed  in   forms  for  any  purpose  whatsoever. 

(2)  If  forms  are  to  be  hung  from  steel  beams  the  hangers  and  the  method  of  hang- 
ing shall  be  subject  to  the  approval  of  the  inspector  of  buildings,  and  no  hangers  that 
a.'-e  difficult  to  remove  shall  be  used. 

(3)  The  forms  for  beams,  girders  and  lintels  >hall  be  so  designed  that  at  least  one 
side  of  each  beam  or  girder  may  be  removed  without  disturbing  the  bottom  portion  of 
the  form  or  its  supports. 

(4)  All  posts  supporting  forms  for  slabs,  beams  or  girders  must  rest  upon  wedges 
which  can  be  loosened  and  removed  without  producing  undue  strains  in  the  floor  or 
roof  system. 

(5)  Posts  which  are  to  be  supported  from  the  ground  must  be  provided  with  footings 
of  sufficient  area  to  do  away  with  any  liability  of  appreciable  settlement  owing  to  in- 
sufficient foundation. 

(6)  All  column  forms  shall  have  an  opening  left  at  the  bottom  to  enable  cleaning 
cut  and  adjustment  of  the  steel  to  be  attended  to,  which  opening  is  not  to  be  closed 
until  the  column  is  to  be  poured. 

(7)  All  shavings,  chips,  sawdust,  ice  or  other  foreign  matter  must  be  removed  from 
within  all  forms  before  concrete  is  placed  therein. 

IV. — Cement. 

(i)  Only  Portland  cement  will  be  accepted  in  reinforced  concrete  construction,  and 
this  cement  must  comply  in  all  resi>ects  with  the  requirements  of  the  standard  specifi- 
cstions  of  the  city  engineer's  office  of  the  City  of  Toronto,  which  are  as  follows  : 

(a)  The  specific  gravity  of  the.cenient  shall  not  be  less  than  3"  10.  Should  the 
fest  of  cement  as  received  fall  below  this  requirement,  a  second  test  may  be  made 
upon  a  sample  ignited  at  a  low  red  heat.  The  loss  in  weight  of  the  ignited  cement 
shall  not  exceed  4  per  cent. 

(b)  It  shall  leave  by  weight  a  residue  of  not  more  than  8  per  cent,  on  the 
No.   100  and  not  more  than  25  per  cent,  on  the  No.  200  sieve. 

(c)  It  shall  not  develop  initial  set  in  less  than  thirty  minutes,  and  must  develop 
hard  set  in  not  less  than  one  hour,  nor  more  than  ten  hours. 

(d)  The  minimum  requirements  for  tensile  strength  for  briquettes  i  sq.  in.  in 
-cross-section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified  : 

Age.  Neat  Cement.  Strength. 

24  hours    in    moist    air    .*..         ...         175    pounds 

7  davs  (i  day  in  moist  air,  6  days  in  water)  ...  ..       500         ,, 

28  days   (i   day  in  moist  air,   27   days   in   water) 600         ,, 

One  part  cement,  three  parts  standard  Ottawa  sand. 

7  davs  (i  day  in  nwist  air,  6  days  in  water)       200         ,, 

28  days  (i  day  in  moist  air,  27  days  in  water)       275         ,, 

(e)  Pats  of  neat  cement  about  3  in.  in  diameter,  i  in.  thick  at  the  centre,  and 
tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty-four  hours. 
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{/)  A   pat    sliall    thru    he   kepi    in    air   at    iiDniial    lrni|Kraturc  and   observ^fd    at 
intervals  for  at  le<ist  twenty-eight  days. 

(g)  Another  pat  shall  be  kept  in  water  maintained  at  as  ne»'ir  70°  F.  as  prac- 
ticable and  observed  at  Intervals  for  at  least  twenty-eight  days. 

(h)  A  third  pat  shall  be  exposed  in  any  convenient  way  in  an  atnu)s])htrc  of 
si  earn  above  boiling  water  in  a  loosely  closed  vessel   for  five  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  shall  nmain  firm  and  hard 
and  show  no  signs  of  distortioin,  discoloration,  checking,  cracking  or  disintegrating. 

(7)  The  cement  shall  not  contain  more  than    i'y~^  per  cent,   of  anhydrous  acid 
(SO 3),  nor  more  than  4  per  cent,  of  magnesia  (MgO). 

(2)  No  cement  shall  be  u.sed  in  any  reinforced  concrete  work  unless  it  has  been 
tested  either  at  the  manuf^ictory  or  at  some  acceptable  laboratory,  and  a  certified  report 
01  the  test  filed  with  the  inspector  of  buildings. 

(3)  All  such  tests  shall  be  made  in  not  more  than  car-load  lots,  or  in  smaller  quanti- 
ties if  so  directed  bv  the  inspector  of  buildings,  and  when  laboratory  tests  are  to  be 
made  the  cement  shall  be  deli\'ered  at  the  job  at  least  two  weeks  before  it  is  required 
for  use,  so  -as  to  allow  ample  time  for  testing. 

(4)  Proper  care  is  to  be  taken  to  separate  lots  deli\-ered,  so  that  they  can  be  easily 
identified  if  found  unsatisfactory,  and  a  suitable  place  must  be  provided  for  the  storage 
of  all  cement.  No  cement  shall  be  used  that  has  absorbed  sufficient  moisture  to  cause 
it  to  granulate  or  become  lumpy  when  thoroughly  dried. 

(5)  Any  cement  without  the  makers'  name  and  brand  on  the  barrel  or  package  will 
be  rejected  without  test,  as  w^ill  also  any  cement  in  barrels  or  packages  bearing  other 
than  the  makers'  name  and  brand. 

(6)  The  inspector  of  buildings  may  require  a  certificate  from  the  manufacturer  to 
the  effect  that  the  cement  has  been  seasoned  or  subjected  to  aeration  for  at  least  thirty 
days  before  leaving  the  works. 

(7)  All  tests  shall  be  made  at  the  expense  of  the  contractor,  and  all  cement  or  other 
rejected  material   must  be  immediately  removed  from   the  job  and  the  vicinitv. 

V. — Aggrfx.ates. 

(1)  Extreme  care  shall  be  exercised  in  selecting  the  aggregate  for  mortar  and  con- 
crete, and  careful  tests  must  be  made  where  any  doubt  exists  of  the  materials  for  the 
purpose  of  determining  their  qualities  and  the  grading  necessary  to  secure  maximum 
densitv  cr  a  minimum  percentage  of  voids. 

(2)  Fine  aggregates  shall  be  uniformly  graded  from  coarse  to  fine  and  consist  of 
sand,  crushed  stone  or  gravel  screenings,  passing  when  dry  a  screen  having  j-in. 
diameter  holes,  and  not  more  than  6  per  cent,  passing  a  sieve  having  100  meshes  per 
lineal  inch.  It  shall  be  of  clean  silicious  material  free  from  vegetable  loam  and  other 
gleleterious  matter. 

(3)  Mortars  composed  of  one  part  Portland  cement  and  three  parts  fine  aggregate, 
by  weight,  when  made  into  briquettes,  shall  show  a  tensile  strength  of  at  least  70  per 
cent,  of  the  strength  of  i  :  3  mortar  of  the  same  consistency  made  with  the  same 
cement  and  standard  Ottaw^a  sand. 

(4)  Coarse  aggregate  shall  consist  of  inert  mat<'rial,  such  as  crushed  stone  or 
screened  gravel,  which  is  retained  on  a  screen  having  j-in.  diameter  holes.  The  par- 
ticles shall  be  clean,  hard,  durable  and  free  from  dust  or  other  deletericrus  material, 
and  the  maximum  size  shall  pass  in  any  direction  through  a  i-in.  diameter  ring.  A 
giaduation  of  the  si/e  of  the  particles  from  fine  to  ct;arsc  will  be  considered 
advantageous. 

(5)  Samples  of  all  aggregates  must  be  submiltcd  to  the  inspector  of  buildings,  and 
his  approval  of  them  obtained  before  being  used  in  any  work. 

VI. — Reinforcemkxt. 

(i)  All  steel  used  for  reinforcement  shall  be  medium  steel  made  by  the  open  hearth 
or  Bessemer  process,  and  be  rolled  from  new  billets.  No  re-rolled  steel  will  be  allowed. 
The  steel  shall  have  an  ultimate  tensile  strength  of  not  less  than  60,000  lb.  per  sq. 
inch   of   net   cross-section,    and   an   elastic   limit    of   at    least   one-half   of   this    ultimate 
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strength,  and  for  sizes  up  to  |  in.  in  diameter  shall  bend  cold  i<So°  around  a  diameter 
equal  to  the  thickness  of  the  piece  tested  without  sign  of  fracture  on  the  outside  of  bent 
portion. 

(2)  P'or  sizes  greater  than  ^  in.  in  diameter  it  shall  bend  cold  180°  around  twice  its 
own  diameter  without  sign  of  fracture  on  the  outside,  except  in  cases  where  all  bends 
necessary  in  the  construction  are  to  be  made  hot,  in  which  case  the  steel  shall  bend 
cold  go°  around  its  own  diameter  without  sign  of  fracture. 

(3)  All  material  tested  to  destruction  shall  show  a  uniform  silky  fracture,  and  all 
reinforcing  steel  shall  be  free  from  checks,  cracks,  l^aws  or  other  imperfections,  also 
free  from  paint,  oil,  dirt,  grease  or  heavy  rust  or  scale. 

(4)  If  deformed  bars  are  used,  only  the  net  section — the  section  exclusive  of  all 
projections — of  the  area  of  such  bars  shall  be  considered  effective. 

(5)  Tests  of  the  steel  proposed  to  be  or  being  used  in  any  reinforced  concrete  struc- 
ture shall  be  made  at  the  expense  of  the  contractor  upon  the  request  of  the  inspector 
of  buildings,  and  such  tests  shall  be  made  at  a  place  satisfactory  to  him  and  under  the 
supervision  and  direction  of  the  architect,  engineer  or  superintendent  in  charge  of  the 
work. 

(6)  A  certified  copy  of  the  rejxirt  of  all  such  tests  to  be  filed  with  the  inspector  of 
buildings  immediately  after  being  made. 

VII.— Mixing. 

(i)  The  ingredients  of  concrete  shall  be  thoroughly  mixed  dry,  after  which  the 
proper  amount  of  water  shall  be  added  and  the  mixing  continued  until  the  cement  is 
properly  distributed  and  the  mass  uniform  in  colour  and  homogeneous. 

(2)  Methods  of  measurement  of  the  proportions  of  the  various  ingredients,  includ- 
ing water,  in  each  batch  shall  be  used  which  will  secure  separate  uniform  measure- 
ments at  all  times.  The  use  of  boxes  specially  eonstructed  for  the  purpose  will  be 
])referred,  but  the  use  of  iron  wheelbarrows  may,  with  the  consent  of  the  Inspector  of 
Buildings,  be  used  for  measuring  stone  and  sand. 

{3)  All  concrete  materials  shall  be  measured  loose. 

(4)  All  concrete  must  be  machine  mixed,  using  a  batch  mixer  of  an  approved  design 
if  the  amount  of  concrete  in  the  work  exceeds  fifty  (50)  cubic  yards.  Continuous 
mixing  machines  will  not  be  allowed. 

(5)  A  competent  foreman  must  be  in  constant  attendance  at  the  mixer  to  give  his 
approval  of  every  batch  which  leaves  the  machine. 

(6)  When  the  amount  of  concrete  does  not  exceed  fifty  (50)  cubic  yards,  the  mixing 
may  be  done  by  hand  on  a  smooth  watertight  platform  not  less  than  14  ft.  by  12  ft. 
square,  and  having  a  raised  rim  around  the  edge  at  least  3  in.  in  height.  The  fine 
aggregate  shall  be  first  evenly  spread  on  this  platform  and  the  proper  proportion  of 
cement  shall  then  be  spread  over  the  aggregate,  when  the  ingredients  shall  be 
thoroughlv  mixed  with  hoes  or  shovels,  then  spread  out  evenly  over  the  platform  while 
in  a  drv  state.  Clean  water  shall  then  be  applied  and  the  cement  and  fine  aggregate 
thoroughly  mixed  until  a  mortar  of  the  proper  consistency  is  formed,  which  shall  be 
evenlv  spread  over  the  platform.  The  stone  or  gravel  after  being  wetted  shall  then 
be  evenlv  spread  over  the  mortar  and  the  whole  mass  thoroughly  mixed  with  shovels 
and  hoes  bv  being  turned  over  and  worked  at  least  three  times,  not  counting  the 
shovelling  off  the  platform.  No  more  than  |  of  a  cubic  yard  shall  be  mixed  in  any 
one  batch. 

(7)  The  materials  must  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  as  will  flow  into  the  forms  and  about  the  metal  reinforcement  and  which 
■at  the  same  time  can  be  conveyed  from  the  mixer  or  platforms  to  the  forms  without 
separation  of  the  coarse  aggregate  from  the  mortar. 

(8)  Retempering  mortar  or  concrete,  i.e.,  remixing  with  water  after  it  has  partially 
set,  will  not  be  permitted. 

VH I. — Placing  Concrete. 

(1)  Concrete  shall  be  deposited  in  the  forms  as  rajMdly  as  possible  after  leaving 
the  mixer,  and  under  no  circumstances  shall  concrete  be  used  that  has  attained  initial 
set  before  final  placing,  nor  shall  such  concrete  be  returned  to  the  mixer. 

(2)  When  placing  concrete  is  once  started  it  shall,  if  possible,  be  carried  on  as  a 
continuous  operationuntil  the  pouring  of  the  section  or  panel  is  completed. 
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(3)  When  bcinj:^  deposited  or  poured  the  concrete  shall  be  agitated  continuously 
with  suitable  tools  such  as  a  straight  shovel  or  slicing  tool  kept  moving  up  and  down 
until  all  the  ingredients  have  settled  to  their  proper  place  by  gravity,  and  the  surplus 
water  has  been  forced  to  the  surface.  Filling  the  forms  completely  and  puddling 
afterwards  will  not  be  permitted.  In  'placing  the  concrete  the  work  shall  be  so  laid 
out  that  the  partly  set  concrete  shall  not  be  subjected  to  shocks  from  men  hauling  or 
wheeling  material  over  it. 

(4)  Before  placing  concrete  care  shall  be  taken  to  see  that  the  forms  are  constructed 
as  hereinbefore  specified  for  and  thoroughly  wetted,  and  the  space  to  be  occupied  bv 
the  concrete  free  from  debris. 

(5)  When  the  placing  of  concrete  is  suspended  all  necessary  grooves  for  joining 
future  work  shall  be  made  uefore  the  concrete  has  had  time  to  set.  When  work  is 
resumed  concrete  previously  placed  shall  be  roughened,  thoroughly  cleansed  of  foreign 
material  and  laitance,  drenched  and  slushed  with  a  mortar  consisting  of  one  part 
Portland  cement  and  not  more  than  two  parts  of  fine  aggregate. 

(6)  Care  must  be  taken  to  stop  work  at  such  a  point  that  the  joint  formed  when 
the  work  is  resumed  will  have  the  least  possible  effect  on  the  strength  of  the  structure. 
Footings  shall  be  cast  to  their  full  depth  at  one  operation. 

(7)  Construction  joints  in  beams  and  girders  shall  be  vertical  and  at  a  point  midway 
between  supports,  unless  a  beam  is  located  at  this  point,  in  which  case  the  joint  shall 
be  offset  at  a  distance  equal  to  twice  the  width  of  the  beam. 

(8)  Construction  joints  in  slabs  shall  be  near  the  centre  of  the  span.  No  joint  will 
be  allowed  between  slab  and  beam  or  girder. 

(9)  Any  concrete  which  may  run  past  the  bulkheads  must  be  cleaned  up  and 
removed  before  the  concreting  of  the  next  section  is  started. 

(10)  Where  brackets  are  used  the  brackets  will  be  considered  a  part  of  the  beam 
or  girder. 

(11)  All  columns  are  to  be  poured  a  sufficient  length  of  time  ahead  of  the  floor 
construction  to  allow  the  concrete  in  the  column  to  properly  set  up.  The  pouring  of  a 
column  must  be  in  one  continuous  operation  to  the  bottom  of  the  beam  or  girder  it 
supports,  and  during  the  pouring  the  concrete  shall  be  well  stirred  or  puddled  with  a 
long  rod  or  tamp  to  expel  all  bubbles  of  air  and  prevent  voids  and  honeycombing. 
Joints  in  columns  shall  be  ]>erpendicular  to  the  axis  of  the  column. 

(12)  In  slab  construction  the  finish  must  be  laid  integrally  with  the  rest  of  the 
slab,  or  it  will  not  be  considered  as  part  of  the  slab  in  calculating  the  strength  of  same. 

(13)  Whenever  possible  the  edges  of  girders,  beams,  and  columns  shall  be 
chamfered  and  the  sides  of  beams  and  girders  splayed  in  order  that  the  forms  may  be 
more  easily  removed. 

(14)  AH  reinforcing  steel  shall  be  accurately  located  in  the  forms  and  secured 
against  displacement,  and  the  lateral  spacing  of  the  steel  in  lintels,  beams,  or  girders 
shall  not  be  less  than  two  and  one-half  diameters  centre  to  centre. 

(15)  No  concrete  shall  be  poured  until  the  engineer  or  superintendent  in  charge 
has  examined  the  particular  section  in  which  it  is  desired  to  proceed  with  this  portion 
of  the  work  and  has  expressed  himself  satisfied  with  the  structural  condition  and 
cleanliness  of  the  forms  and  the  placing,  splicing  and  fastening  in  its  proper  position 
of  the  steel  reinforcement. 

(16)  When  concreting  is  carried  on  in  freezing  weather  the  material  must  be  heated 
and  such  provisions  made  that  the  concrete  can  be  put  in  place  without  freezing.  The 
use  of  frozen,  lumpv  sand  or  stone  depending  on  hot  water  used  in  mixing  to  thaw  it 
out  will  not  be  permitted. 

(17)  All  concrete  shall  be  kept  at  a  temperature  above  freezing  until  it  has 
thoroughlv  hardened,  and  all  concrete  which  is  frozen  shall  be  removed. 

(18)  Concrete  placed  in  warm  weather,  or  which  from  any  other  cause  is  exposed 
to  premature  drying,  shall  be  kept  thoroughly  wet  during  the  first  week  after  being  put 
in  place. 

(19)  Concrete  shall  not  be  placed  in  water  unless  unavoidable,  but  when  this 
cannot  be  avoided,  unusual  care  must  be  exercised  to  prevent  the  cement  from  being 
floated  away,  also  the  formation  of  laitance.  The  concrete  shall  also  be  deposited 
through  a  metallic  tube  or  from  a  bucket  having  a  bottom  dump,  and  care  shall  be 
taken  to  keep  the  surface  of  the  concrete  as  nearly  horizontal  as  possible.     The  pro- 
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portion  of  cement  in  concrete  deposited  under  water  shall  be  25  per  cent,  in  excess  of 
that  required  for  similar  work  deposited  in  the  ordinary  wav. 

IX. — Removal  of  Forms. 
(i)  Forms   shall   not   be  removed   until   the   concrete   is   thoroughlv   set   and   is   of 
sufiicient  strength  to  carry  its  own  weight  together  with  whatever  live  load  is  liable  to 
come  on  the  construction. 

(2)  No  form  shall  be  removed  without  the  approval  of  the  architect  or  engineer  or 
the  superintendent  in  charge  of  the  structure. 

(3)  The  original  supports  for  beams  and  girders  must  remain  in  place  for  at  least 
twenty-one  days  after  the  concrete  has  been  poured,  and  before  these  supports  are 
interfered  with  the  entire  forms  must  be  removed  from  supporting  columns  and  the 
sides  of  beams  and  girders  stripped  so  as  to  enable  a  thorough  examination  (if  the 
concrete  to  be  made. 

(4)  The  form  shall  not  be  removed  from  columns  in  less  than  six  davs,  and  forms 
supporting  floor  slabs  shall  not  be  removed  in  less  than  ten  davs  after  the  concrete  has 
been  poured.  The  sides  of  forms  for  beams  and  girders  may  be  removed  at  the  same 
time  as  the  forms  supporting  the  floor  slabs. 

X. — General  Assimi'tioxs. 

(i)  As  a  basis  for  calculations  for  the  strength  of  reinforced  concrete  construction, 
the  following  assumptions  shall  be  made  : — 

(a)  A  plane  section  before  bending  remains  plane  after  bending. 

(b)  The  modulus  of  elasticity  of  concrete  in  compression  within  the  u>ual  limit 
of  working  stresses  is  constant. 

((-)   In  making  calculations  the  tensile  stress  of  concrete  shall  not  be  considered. 

(d)  The  steel  shall  take  all  the  tensile  stresses. 

(e)  Perfect  adhesion  is  assumed  between  concrete  and  reinforcement.  I'nder 
compressive  stresses  the  two  materials  are,  therefore,  stressed  in  prDportion  to 
their  moduli  of  elasticity  and  their  distance  from  the  neutral  axis. 

(/)  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modulus  of  elasticity 
of  concrete  shall  be  assumed  to  be  fifteen  for  concrete  with  a  crushing  strength  of 
2,000  lb.  per  sq.  in.  after  hardening  for  twenty-eight  days. 

(g)  Initial  stress  in  the  reinforcement  due  to  contraction  or  expansion  in  the 
concrete  may  be  neglected. 

(2)  The  span  length  of  beams  and  slabs  shall  be  taken  as  the  distance  from  centre 
to  centre  of  supports,  but  shall  not  be  taken  to  exceed  the  clear  span  plus  the  depth  of 
the  beam  or  slab.     Brackets  shall  not  be  considered  as  reducing  the  span. 

(3)  The  dead  load  shall  include  the  weight  of  the  structure  and  all  fixed  loads  and 
forces. 

(4)  The  live  lo:id  shall  include  all  loads  and  forces  which  are  variable. 

(5)  The  weight  of  reinforced  concrete  shall  be  taken  as  150  lb.  per  cu.  ft. 

XI. — BExniNG  Moments. 

(i)  The  bending  moment  for  slabs  and  beams,  when  not  continuous  over  supports, 

WL 

shall  be  taken  at  not  less  than  -— - 

o 

(2)  When   slabs   and  beams  are   built   continuous   over   two  or   mure   su]3ports   the 

WL 

bending  moment  shall  be  taken  at  not  less  than 

(0  When    slabs   and   beams   are   continuous   over   one   support   only    the    bending 

WL 
moment  shall  be  taken  at  not  less.than  --— 

(4)   In  the  case  of  square  panels  reinforced  in  both  directions  <and  continuous  over 

WL 

all   supports   the   bending   moment   of   the   slab   shall   be  taken   at   not   less   than     — — 

provided,    however,    that    when    square    floor    slabs    reinforced   in    both   directions    are 
contiguous  to  walls,  the  bending  moment  of  the  slab  shall  be  taken  at  not  less  than 
WL 
18 
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TI'  =  Total  uniformly  tli>tril)utc'd  load. 

L  =  Span  of  beam  or  slab. 

(5)  The  length  of  a  slab  in  which  reinforcement  in  both  dircclit)ns  will  be  allowid 
for  is  Hmited  to  one  and  a  half  times  the  width.  The  proportion  of  load  on  a  slab  up 
to  this  limit  which  will  be  considered  as  beinj*  transferred  to  the  side  and  end  supports 
will  be  that  obtained  b\'  usinij  the  foUowint^  formulas  : 

L* 

(a)  Lt)acl  on  longer  supj)orts=  t  4  .    ,  4 

"  /i' 

(b)  Lwul  on  shorter  supports  = -.4  .      4^ 

J^  ~r  ri 
L  =  Length  of  ^p<m  of  slab. 
B  =  Breadth  of  span  of  slab. 
(b)  The  amount  of  reinforcing  steel  may  be  gradually  reduced  to  75  jx-r  cent,   of 
that  calculated  per  foot  in  width,  commencing  at  the  quarter  point  and  continuing  to 
the  support.     The  reinforcement  spanning  the  shortest  direction  shall  be  placed  below 
the  reinforcement  spanning  the  longer  direction. 

(7)  In  all  cases  where  reduction  in  the  bending  moment  is  allowed  on  account  of 
Continuous  action,  sufficient  steel  reinforcement  must  be  provided  in  the  to]j  of  the 
slab  or  beam  over  the  support  to  meet  the  requirements  of  the  accepted  theorv  of 
flexure,  and  this  upper  reinforcement  shall  extend  on  both  sides  a  sufficient  distance 
beyond  the  centre  of  the  support  to  develop  adhesion  equal  to  at  least  the  strength  of 
tile  upper  bars  on  the  basis  of  the  allowable  unit  stresses. 

(8)  If  the  girders,  beams,  and  slabs  are  poured  in  one  continuous  operation,  then 
the  girders  or  beams  may  be  treated  as  T-beams  with  a  portion  of  the  slab  acting  as 
a  flange.  In  no  case  shall  the  overhanging  w'idth  on  each  side  of  the  girder  or  beam 
exceed  four  times  the  thickness  of  the  slab  and  the  total  width  of  the  flange  shall  not 
exceed  five  times  the  width  of  the  girder  or  beam. 

(q)  In  beam  and  slab  construction  an  effective  metallic  bond  shall  be  provided  at 
the  junction  of  the  beam  and  slab,  and  where  reinforced  concrete  girders  carrv  rein- 
forced beams  the  portion  of  the  floor  slab  acting  as  flange  to  the  girder  must  be 
sufticiently  reinforced  with  bars  near  the  top,  at  right  angles  to  the  girder,  tti  enable 
local  loads  to  be  transmitted  directly  instead  of  through  the  beams  to  the  girder,  thus 
avoiding  an  integration  of  compressive  stresses  due  to  simultaneous  action  as  floor 
slab  and  girder  flange. 

(10)  In  the  design  of  T-beams  acting  as  continuous  beams,  due  consideration 
shall  be  given  to  the  compressive  stresses  at  the  support  at  the  bottom  of  the  beam. 

(11)  When  the  overall  vertical  distance  of  the  tension  members  of  a  girder  or  beam 
is  greater  than  one-sixth  of  the  total  depth  of  the  girder  or  beam,  the  stresses  in 
members  shall  be  computed  in  proportion  to  the  distance  from  the  neutral  axis. 

(12)  Shrinkage  and  thermal  stresses  must  be  provided  for  by  the  introduction  of 
steel. 

XII. — Proportion"  of  Concretk  and  Allowable  Stresses  ox  Concrete  and  Steel. 

(i)  All  concrete  for  columns,  girders,  beams,  slabs,  walls,  fireproofing  or  piles 
shall  be  composed  of  materials  meeting  the  requirements  of  these  regulations,  and  be 
mixed,  as  hereinbefore  specified,  in  the  proportion  of  not  less  than  one  part  of  cement 
to  two  parts  of  fine  aggregate  and  four  parts  of  coarse  aggregate,  or  in  such  other 
proportions  as  may  be  necessary  to  make  the  resistance  of  the  mixture  to  crushing 
not  less  than  two  thousand  (2,000)  lb.  per  sq.  in.  after  hardening  for  twenty-eight  days. 

(2)  Tests  to  determine  this  value  must  be  inade  at  the  expense  of  the  contractor 
when  required  by  the  Inspector  of  Buildings,  at  a  place  and  b}'  a  person  satisfactory 
to  him  and  under  the  direct  supervision  of  either  the  said  Inspector  of  Buildings  or  a 
person  representing  him. 

(3)  When  the  proportion  of  cement  is  increased  and  the  quality  of  aggregates  here- 
inbefore called  for  used,  an  increase  may  be  made  on  the  allowable  worki-ig  stresses 
proportional  to  the  increase  in  compressive  strength  at  twenty-eight  days  as  determined 
by  actual  tests,  but  this  increase  shall  not  exceed  25  per  cent.  On  this  basis  the 
following  maximum  stresses  for  1:2:4  concrete  will  be  allowed  in  construction  : — 

(a)  Compression  in  extreme  fibre  of  girders,  beams  and  slabs,  600  lb.  per  sq.  in. 

(b)  Direct  compression,  450  lb.  per  sq.  in. 
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(c)  Shearing  stress,  when  diagonal  tension  is  not  resisted  by  steel,  40  lb.  per 
sq.  in. 

((/)  Shearing  stress,  when  all  diagonal  tension  is  resisted  by  steel,  not  to 
exceed  100  lb.  per  sq.  in.  of  effective  cross-section. 

Members  of  web  reinforcement  shall  be  designed  so  as  to  adequately  take 

up   all    involved   stresses  throughout   their  entire   length.      They   shall   not   be 

spaced  to  exceed  three-fourths  of  the  depth  of  the  beam  in  that  portion  where 

the  web  stresses  exceed  the  allowable  shearing  value  of  the  concrete. 

Web    reinforcement,    unless    rigidly    attached,    shall    be    placed    at    right 

angles  to  the  axis  of  the  beam  and  looped  around  the  extreme  tension  member. 

{c)  For  T-beams  the  width  of  the  stem  only  shall  be  used  in  calculating  the 
shear. 

(/)  The  resisting  moment  in  inch-pounds  of  a  rectangular  beam  shall  be  taken 
as  95  B  D-.     (Moment  arm  =  -88  D.) 

B  =  Breadth  of  beam  in  inches. 

D  =  Effective  depth  of  beam  in  inches. 

(g)  Adhesion  to  plain  steel  bars,  60  lb.  per  sq.  in.  of  surface  of  bar. 

(h)  Adhesion  to  deformed  steel  bars,  up  to  100  lb.  per  sq.  in.  of  surface  of 
bar  may  be  permitted. 

{/)  For  compression  in  columns  with  not  less  than  i  per  cent,  and  not  more 
than  4  per  cent,  of  longitudinal  reinforcement  the  safe  load  shall  be  computed  as 
follows  : — 

.Safe  load  (in  lb.)  =  450  (Ac+15  As). 

.4c  =  Net  cross-sectional  effective  bearing  area  of  concrete  in  square  inches. 

^s  — Cross-sectional  area  of  longitudinal  reinforcement  in  square  inches. 

(;')  For  columns  reinforced  with  both  longitudinal  steel  and  spirally  wound 
hooping  when  the  volume  of  hooping  is  equal  to  at  least  i  per  cent,  of  the  volume 
of  the  enclosed  concrete  and  the  longitudinal  reinforcement  is  not  less  than  i  per 
cent.,  and  not  more  than  4  per  cent,  of  the  cross-sectional  area,  the  safe  load  shall 
be  computed  as  follows  : — 

Safe  load  (in  lb.)  =  650  (Ac-l-15  As). 

.4c  =  Net  cross-sectional  area  of  concrete  enclosed  in  hooping  in  square  inches. 

4s  =  Cross-sectional  area  of  longitudinal  reinforcement  in  square  inches. 

(4)  The  foregoing  allowed  stresses  shall  be  used  only  where  the  unsupported  length 
of  the  column  is  not  greater  than  fifteen  times  the  least  diameter  of  effective  bearing 
area.  Where  the  length  exceeds  this  limit  the  allowable  stress  shall  be  reduced  accord- 
ing to  approved  standard  formula. 

(5)  Bending  stresses  due  to  eccentric  loads  on  columns  shall  be  provided  for  bv 
increasing  the  section  of  concrete  or  steel  until  the  maximum  stress  on  a  column  will 
not  exceed  the  allowable  working  stress. 

(6)  The  least  diameter  of  effective  bearing  area  is  to  be  understood  to  mean  the 
distance  from  inside  to  inside  of  hooping  in  columns  with  spiral  hooping,  and  in 
others  from  outside  to  outside  of  longitudinal  reinforcement. 

(7)  The  pitch  of  spiral  reinforcement  shall  not  be  greater  than  one-sixth  of  the 
effective  diameter  of  a  column,  and  in  no  case  more  than  3  in.,  and  adequate  means 
must  be  provided  to  hold  it  in  place  so  as  to  form  a  column,  the  core  of  which  will  be 
straight  and  well  centred. 

(8)  When  columns  are  reinforced  with  longitudinal  rods  only,  the  reinforcement 
shall  be  tied  together  with  bands  not  less  than  j  in.  in  diameter,  placed  not  more  than 
the  effective  diameter  of  the  column  apart,  or  in  any  case  not  more  than  12  in.  The 
bands  to  be  jointed  in  such  a  manner  as  to  do  away  with  any  liability  of  the  reinforce- 
ment spreading,  and  shall  be  wired  to  each  longitudinal  rod. 

(9)  The  percentage  of  reinforcement  in  any  column,  regardless  of  the  load  carried 
bv  it,  is  not  to  be  less  than  i  per  cent,  of  the  effective  cross-sectional  area.  Reinforce- 
nient  to  be  in  all  cases  placed  at  corners  of  square  or  rectangular  columns,  the 
minimum  size  of  which  shall  be  ^  in.  round  or  -^-in.  square  steel  rods. 

(10)  No  column  shall  have  less  than  64  sq.  in.  of  effective  area  or  a  dimension  of 
less  than  S  in. 

(11)  \\'hen  longitudinal  reinforcing  rods  in  columns  have  an  area  in  excess  of  i^ 
sq.  in.  the  ends  shall  be  faced  or  milled  off  normal  to  the  longitudinal  axis,  and  such 
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rods  shall  have  full  and  jjerfi'd  bcarini^s  and  a  lii>ht  fitting  sleeve  or  oiIkt  apijroved 
appliance  shall  be  provided  at  each  joint  to  keep  the  rods  in  their  proper  iX)sition. 

(12)  When  longitudinal  reinforcing  rods  in  columns  have  an  area  of  less  than  i^ 
sq.  in.  the  rods  may  be  lapped  and  securely  wired  together,  the  splice  to  be  of  a 
sufficient  length  to  develop  by  adhesion  the  strength  of  the  rod. 

(13)  All  butted  joints  shall  be  made  at  the  floor  levels  or  at  points  where  th<' 
columns  may  be  considered  as  fixed,  and  the  centre  of  lapped  joints  shall  not  be  more 
than  I  ft.  above  floor  levels  or  points  at  which  rigid  latCTal  supjwrt  is  afford<'d  the 
columns.  The  ends  of  all  rods  at  the  base  of  columns  shall  be  made  smooth  and  right 
angled  from  the  longitudinal  axis,  and  such  rods  shall  have  a  perfect  bearing  on  a 
steel  plate  or  casting  of  sufficient  size  and  strength  to  distribute  the  load  which  the 
column  sujjports  to  such  an  extent  that  the  allowable  compressive  stress  per  square 
inch  on  the  material  under  this  plate  shall  not  be  exceeded,  or,  in  lieu  of  the  plate,  the 
stress  may  be  distributed  in  concrete  footings  to  the  required  extent  by  means  of 
dowels  of  sufficient  length  and  area  to  sustain  the  weight  bv  adhesion  oi  the  concrete 
to  the  steel,  without  exceeding  the  specified  limit  for  such  in  this  regulation.  The  tops 
of  all  dowels  to  extend  to  the  top  of  the  footing  and  be  m^ade  perfectlv  level  and  smooth 
to  receive  the  longitudinal  reinforcing  rods,  and  the  joint  between  the  dowels  and  the 
rods  to  be  made  with  a  pipe  sleeve  which  is  to  be  grouted  into  the  footing  at  least 
6  in.  and  extend  6  in.  above  the  top  of  same,  and  the  reinforcing  rods  after  being 
secured  in  their  pniper  position  are  to  be  solidly  grouted  into  the  sleeves  with  liquid 
Portland  cement. 

(14)  The  area  required  in  footings- which  have  to  support  columns  having  both 
sjiiral  hooping  and  vertical  reinforcement  shall  be  obtained  in  a  similar  manner  to  that 
immediately  above  specified  for  columns  with  vertical  reinforcement  onlv.  The 
longitudinal  reinforcing  bars  in  all  columns  shall  be  straight,  and  sufficient  metallic 
lateral  support  shall  be  provided  to  keqj  them  in  their  proper  place  until  the  concrete 
in  the  column  has  set. 

(15)  The  allowable  stress  on  steel  in  tension  shall  be  sixteen  thousand  (16,000)  lb. 
per  square  inch. 

(16)  Where  it  is  necessary  to  introduce  steel  to  resist  compression  in  girders, 
beams,  or  slabs,  the  compressive  stress  per  square  inch  allowed  on  such  steel  shall  not 
exceed  fifteen  (15)  times  the  computed  compressive  stress  in  the  concrete  at  the  same 
distance  from  the  neutral  axis.  All  such  steel  shall  be  anchored  into  the  mass  of 
concrete  in  such  a  wav  as  to  prevent  any  possibility  of  buckling. 

XIII. — Protection. 

The    minimum    protection    for   steel   reinforcement,    which   is   to   be   taken,    is   the 
distance  from  the  siurface  of  the  S'teel  to  the  nearest  concrete  surface,  and  shall  be  : 
(a)  For  girders  and  columns,  2  in. 
ill)  For  beams  and  lintels,   i^  in. 
(c)  For  floor  and  roof  slabs,   i  in. 

XIV. — Plain  and  Reinforced  Concrete  Walls. 

(1)  Concrete  walls  without  reinforcement,  other  than  those  of  foundation  or  base- 
ment, shall  be  constructed  with  concrete  of  the  s.ame  composition  and  quality  in  all 
respects  to  that  hereinbefore  specified  for  reinforced  concrete,  and  shall,  be  the  full 
thickness  prescribed  in  this  By-law  for  brick  walls. 

(2)  Buildings  having  a  complete  skeleton  construction  of  steel  or  of  reinforced 
concrete  construction,  or  a  combination  of  both,  may  have  exterior  walls  of  reinforced 
concrete  at  least  8  in.  thick;  provided,  however,  that  such  walls  shall  support  only 
their  own  weight,  and  that  such  walls  shall  have  both  vertical  and  horizontal  steel 
reinforcement  on  both  sides,  the  rods  to  be  placed  not  more  than  18  in.  apart  from 
centres,  and  be  securely  wired  together  at  each  intersection  and  rigidly  connected  with 
columns  and  girders.  All  rods  shall  be  lapped  a  sufficient  length  to  develop  their  full 
stress  by  the  allowable  unit  stress  for  adhesion.  Additional  rods  shall  be  set  around 
openings,  the  vertical  ones  to  be  wired  to  the  nearest  horizontal  ones,  and  the  horizontal 
rods  at  top  and  bottom  of  openings  wired  to  the  nearest  vertical  ones.  In  all  cases  the 
percentage  of  steel  reinforcement  to  be  provided  shall  be  sufficient  to  enable  the  wall 
to  safely  resist  a  uniformly  distributed  horizontal   pressure  of  30  lb.   per   square  foot 
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acting  on  either  side  of  it,  but  in  no  instance  shall  the  i>ercentage  of  reinforcing  metal 
be  less  than  one-quarter  of  i  per  cent,  in  each  direction.  The  thickness  of  a  reinforced 
concrete  curtain  wall  shall  not  be  less  than  one-eighteenth  of  the  unsupported  height. 

XV. — Tile  and  Reinforced  Concrete  Joist  Construction. 

(i)  When  tile  and  reinforced  concrete  joist  construction  is  used  for  floors  the  tile 
shall  be  sound,  hard  burned,  free  from  shrinkage  cracks,  of  uniform  size  and  corru- 
gated in  a  horizontal  direction  upon  the  sides. 

(2)  When  concrete  tile  and  reinforced  concrete  joist  construction  is  used  for  floors 
the  tile  shall  be  sound,  hard,  well  seasoned,  corrugated  in  a  liorizontal  direction  upon 
the  sides,  and  made  to  comply  in  all  respects  with  the  requirements  of  the  Inspector 
of  Buildings. 

(3)  The  reinforced  concrete  joists  shall  be  parallel  and  in  perfect  line  and  of 
siiflicient  width  to  develop  the  steel,  which  steel  is  to  be  protected  from  fire  with 
concrete  of  a  similar  mixture  and  thickness  to  that  hereinbefore  specified  for  concrete 
beams.  Should  concrete  be  required  on  the  top  of  the  tile  to  take  compressive  stress, 
it  must  be  not  less  than  2  in.  in  thickness,  and  must  be  poured  at  the  same  time  as 
the  joists,  and  be  of  the  same  mixture.  The  tile  shall  be  thoroughly  soaked  with  water 
before  the  pouring  of  the  concrete  is  comriienced.  In  this  class  of  construction  the 
dead  and  entire  live  loads  will  be  assumed  to  be  carried  by  the  reinforced  concrete 
joists. 

X\'I.  TO  XIX. — Ad.\iinistrati\e. 

Upon  the  completion  of  a  reinforced  concrete  building  the  architect  or  engineer 
who  designed  the  structure  shall  issue  a  signed  certificate  and  have  the  same  posted  in 
a  conspicuous  place  on  each  floor,  stating  the  safe  capacity  per  square  foot  of  floor 
space,  if  the  entire  floor  is  designed  to  carry  the  same  load.  If,  however,  the  floor  is 
designed  to  carry  different  loads,  each  section  must  be  provided  with  a  certificate  stating 
the  capacity  of  that  particular  section  and  describing  the  limits  thereof. 

Load  tests  shall  be  made  by,  and  at  the  expense  of,  the  contractor  when  required 
by  the  Inspector  of  Buildings,  under  his  direction  and  in  his  presence,  or  in  the  presence 
of  his  representative,  on  any  portion  of  a  reinforced  concrete  structure  within  a  reason- 
able time  after  erection.  Such  tests  shall  show  that  the  construction  will  sustain  a 
load  of  twice  the  live  load  for  which  it  was  designed,  without  causing  any  permanent 
deformation. 

Xo  svstem  of  reinforced  concrete  shall  be  used  which  is  not  capable  of  design  and 
investigation  in  accordance  with  the  principles  laid  down  in  these  regulations. 

Section  iii  of  By-law  Xo.  4,861,  being  "  A  B\--law  for  regulating  the  erection  and 
to  provide  for  the  safety  of  buildings,"  is  hereby  repealed. 
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Details  of  Block  Used  in  Reinforced 
Concrete  Mattress. 


W e  give  beloiX)  some  short  particulars  of  a  neiv  reinforced  concrete  mattress  for  river- 
bank  protection,  ivhich  has  been  employed  in  Japan  ivith  considerable  success.— ED. 

The  nx-thod  of  river-bank  protection  here  described  is  intended  to  take  the  place  of  the 
ordinary  fascine  'type  which  has  been  widely  used  in  Japan.     The  mattress  was  first 

used  on  the  Yubari  Ri\er  in  1909,  where  it  has  been  under  careful  observation.     The 
main  body  of  the  mattress  consists  of  reinforced  concrete  blocks  knitted  together  by 

passing  metallic  wire  of  the  proper  diameter  through   two   holes   previously   made   in 
the  centre  plane  of  each  block,  thus  forming  a  flexible  mattress,  each  block  being  so 

set  as  to  break  joints.     The  size  of  the  mattress  may  be  varied  according  to  necessity 

by  the  use  of  a  scaffold. 

The    advantages    claimed    for    the    mattress    are    its    comparative    cheapness,    its 

strength  and  durabilitv,  its  adaptability  to  the  deformation  of  the  river  bed  on  account 

of  its  flexibilitv,  its  stability  even  on  a  steep 
slope,  the  small  resistance  it  offers  to  the 
stream  on  account  of  its  smoothness  and 
thinness,  and  lastly  the  simplicity  of  its 
construction  and  setting. 

The  blocks  used  in  work  so  far  under- 
taken had  a  thickness  of  6  in.,  and  were 
2  ft.  long  by  6  in.  wide.  They  are  made 
of  1:3:6  Portland  cement,  sand,  and 
gravel  concrete,  and  in  the  experimental 
work  both  a  wet  and  a  dry  mix  were 
employed. 

The  reinforcement  of  each  block  in  the 

experimental  work  consisted  of  No.   12  galvanized  steel  wire,   somewhat  shorter  than 

the  length  of  the  blocks,  with  the  ends  bent  as  shown  in  Fig.  i.     Four  reinforcing  bars 

are  inserted  lengthwise  for  each  block,  the  object  of  the  reinforcement  being  not  onlv  to 

strengthen  the  bloek,  but  to  prevent  splitting  off  in  separate  pieces  should  a  crack  occur. 

The  method  of  joining  the  blocks  is  shown 

in  Fig.  2.     The  string  or  wire  for  knitting 

together  .the  separate  blocks  is  a  No  4  gal- 
vanized steel  wire  for  fresh  water,  and  it  is 

better  to  employ  one  long  continuous  wire 

bent  double  so  as  to  avoid  joints  in  the  wire 

as  much  as  possible.    The  blocks  are  strung 

successively-  on   to  these   wires,   .and   after 

the  last  block  has  been  placed,   the  ujjper 

ends  of  each  wire  are  tied  together.     There 

is  a  waling-piece  of  flat  steel  bar  6  to  10  ft. 

long,   ig    in.    wide    and    f    in.    thick.      For 

salt   water  this   bar   may  be  of   copper   or 

aluminium.     This  waling-piece  serves  as  a  form  for  spacing  the  blocks  and  to  protect 

them  against  the  shock  of  the  drift,  and  so  distributing  the  pressure  over  a  wide  area. 

The   forms    for   the   blocks    were   made   of   metal    in    the   experimental    work   and    so 

arranged  that  forty  blocks  could  be  cast  in  each  form.     Our  illustration,  Fig.  3,  shows 

a  single  steel  mould.     The  block  is  pushed  up  from  the  bottom  of  the  mould  as  soon 
924. 
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Oalvanized  Steel  Wire  No  4,  Benf 
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IG.  2.     Method  ok  Joining  Blocks  to  Form 
Mattress. 
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as  the  ramming  of  the  concrete  is  finislied.     Fig.  4  shows  a  steel  combination   mould 
for  casting  forty  reinforced  concrete  blocks  at  once. 


Fig.  3.     Single  Sieel  Mould  for  Llock. 


1-ifi.  4.     Ste_'l  Combination  Mould  for  Casting  40  Blocks. 
Reinforced  Concrete  Mattress. 

Two  methods  of  scaffoldin<^  have  been  employed  by  the  designer  in  his  experimental 
work.     The  first  form  used  in  Japan  was  what  is  known  as  the  "  free  log  scaffold," 
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of  which  an  illustration  is  given  in  Fig.  5.  This  scaffold  consists  of  slend<-r  logs  of 
suitable  length  spaced  i  ft.  apart  and  tied  at  their  upper  extremities  to  a  horizontal 
waling-log,  which  is  supported  by  stakes  temixirarily  driven  into  the  brmk.     The  lengths 


Slio\ 


l-ree  I.ol  Si-anoi-i. 


Fiij.  6.     Showing  River  Bjiik  directly  after  Mattress  has  been  laid. 
Reinforced  Concrete  Mattress. 


of  the  logs  coni]X)sing  the  main  j>art  of  the  scaffold  are  so  fixed  that,  when  sunk,  their 
lower  extremities  will  reach  the  river  bottom  where  the  lower  end  of  the  mattress  is 
intended  to  be  located  when  set.  In  this  scaffold  the  lower  extremities  of  the  logs  are 
free.    This  form  of  scaffold  can  be  used  in  water  up  to  15  ft.  in  depth. 
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The  second  form  of  scaffold  is  known  as  the  "  pontoon  huni*  log  scaffold,"  and  is 
in  the  main  a  scaffold  of  the  "  free  log  "  type  hung'  at  its  lower  extremity  to  several 
pairs  of  pontoons.  It  is  specially  suitable  for  work  where  the  water  is  of  a  greater 
depth  than  15  ft. 

In  treating,  the  river  bank,  the  natural  bank,  on  and  in  front  of  which  the  mattress 
is  to  be  set,  is  at  first  graded  to  a  proper  slope  above  low-water  line  and  the  excavated 
material  thrown  into  the  water  directly  in  front  of  the  excavated  bank.  In  this  way  the 
portion  of  the  bank  below  low-water  line  is  irregularly  covered  with  the  loose  material 
excavated  from  the  upper  part ;  the  mattress  rests  on  this  irregularlv  formed  surface,, 
subject,  of  course,  to  further  scouring  and  settling  down. 


Fiti.  7.     Showing  River  Bank  12  months  after  Mattress  has  been  laid. 
Reinforced  Concrete  Mattress. 

As  mentioned  above,  this  form  of  protection  was  first  tried  experimentally  on  a 
section  of  the  Vubari  River,  Japan,  and  subsequent  investigations  and  tests  have  shown 
that  it  is  effective  and  satisfactory. 

Fig.  6  shows  a  section  of  the  bank  just  after  it  has  been  covered  by  the  mattress, 
and  Fig,  7  shows  the  same  bank  a  year  later. 

This  mattress,  as  also  the  moulds  for  the  concrete  blocks,  are  the  invention  of 
Mr.  B.  Okazaki,  Chief  Engineer  of  the  Ishikari  River  Improvement  Works,  Sapporo, 
Japan,  to  whom  we  are  indebted  for  most  of  our  illustrations,  and  the  remaining 
particulars  here  given  were  taken  from  the  Engineering  News,  U.S. .A. 
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It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. 

The  method  ive  are  adopting,  of  dimJing  the  subjects  into  sections,  is,  ive  believe,  a 
neiD  departure. — ED. 


THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

Tlic  foUo-n.'iiig  arc  (tbstracis  of  iwo  Papers  read  at  Ihc  Ordinary  Mccliiig  oi  ihc  JiisHtii- 
iion  of  Civil  Engineers  on  November  i2tJi,  1912  :  — 

THE  CONSTRUCTION  OF  THE  NEW  DOCK  AT 

METHIL. 

By   B.    HALL   BLYTH.  Junr..  Assoc. M.lnst.C.E. 

After  some  inlroductorv  renuu'ks  rciiarding  the  port  of  Methil  and  the  export  trade 
in  coal  from  File,  the  author  mntinued  to  give  a  detailed  account  of  the  various 
improvements  made  to  cope  with  the  ever-increasing  shipping  trade.  L'ntil  1887 
Methil  had  no  docks,  but  in  that  year  the  first  dock  was  opened,  and  a  considerable 
quantitv  of  coal  was  shipped.  Every  subsequent  year  showed  a  ^•ery  large  increase 
in  the  shipments,  and  before  niK-my  years  the  North  British  Railway  Company,  who 
had  purchased  the  first  dock  from  Mr.  Erskine  Wemyss,  of  \\'emyss  Castle,  built 
<i  second  and  larger  dock,  which  was  finished  in  iSqg.  For  a  few  years  these  two 
docks  were  able  to  cope  with  the  coal  traf^c,  but  lately,  with  the  great  increa.se  in  the 
output,  the  accommodation  proved  inadequate,  and  it  was  determined  to  build  still 
another  doek,  which  would  be  sufficient  in  every  way  for  the  trade  for  many  years 
to  come.  Plans  for  this  new  dock  were  prejjared  by  -Messrs.  Blyth  and  Westland,  of 
Edinburgh,  and  the  contract  for  its  construction  was  let  at  the  end  of  1907  to  Messrs. 
Robert  McAlpine  and  Sons,  of  Glasgow. 

The  new  dock  is  situated  to  the  east  of  the  two  old  docks,  and  is  16^,  acres 
in  extent,  with  a  depth  of  water  of  32  ft.  at  high  water  of  ordinary  spring  tides,  and 
gates  Soft.  wide.  It  is  approached  by  a  channel  120  ft.  wide  and  1,800  ft.  long, 
running  along  the  outside  of  the  sea-wall  which  enclosed  the  two  old  docks.  This 
channel  and  the  dock  are  situated  almost  entireh?  on  the  foreshore,  and  are  enclosed 
by  a  sea-wall,  running  along  and  outside  low-water  marlv,  from  the  land  end  of  the 
existing  pier  or  breakwater  to  a  point  near  the  mouth  of  the  River  Inven.  This 
wall  is  nearly  a  mile  long;  it  is  built  for  three-fourths  of  its  length  of  concrete,  and 
continues   with   a   pitched   slope   where   it  is   well   above  low   water. 

The  entrance  to  the  present  docks,  which  is  well  protected,  is  used  for  the  new 
dock,  a  part  of  the  existing  pier  having  been  remo\-ed  across  the  line  of  tlie  new 
ehannel. 

The  whole  area  reclaimed  bv  the  sea-wall  amounts  to  44  acres,  the  excavation 
for  the  dock  and  channel  being  used  to  level  up  the  rest  of  this  area  to  quay-level 
for  siding  accommodation  for  the  dock. 

For  loading  the  coal  the  dock  is  equip|)ed  with  hydraulic  ht)ists,  of  which  there 
are  six  at  present;  but  provision  is  made  for  three  more  when  they  are  required. 
With  all  these  hoists  and  those  in  the  old  docks,  no  difliculty  will  be  found  in  shipping 
10,000,000  tons  of  coal  per  annum. 
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The  sea-wall,  which  was  the  nmst  important  part  of  [hv  work,  was  started  first, 
the  idea  being  to  build  this  wall  and  use  it  as  a  coffer-dam  to  enable  all  the  works 
inside  to  be  done  in  the  dry.  The  wall  was  constructed  on  a  concrete  bag-work 
foundation  up  to  2  ft.  6  in.  above  low  water,  and  from  that  point  to  quay-level  of 
block-work  and  mass  concrete  dn  situ.  The  width  of  the  wall  was  originally  8  ft.  at 
the  top — i.e.,  qua3'-level,  with  counterforts  every  25  ft.,  and  a  backing  of  20  ft.  of 
rubble  from  the  excavations.  This,  however,  was  not  carried  out,  as  no  suitable 
rubble  was  found  in  the  excavations,  and  the  wall  was  built  of  concrete,  17  ft.  thick. 
The  height  of  the  wall  varied  according  to  the  level  of  the  bottom.  At  the  north  end 
it  is  about  20  ft.  high  to  quay-level,  .and  at  the  south  end  the  maximum  height  is 
40  ft.  Ouav-level  is  5  ft.  above  high  water,  and  the  parapet  on  the  wall  is  10  ft.  above 
that  level.  For  the  first  400  jards  from  the  south  end  the  side  wall  of  the  entrance 
channel  and  the  sea-wall  run  parallel,  and  they  were  built  together,  making  the  wall 
in  all  27  ft.  wide  at  quay-level. 

Two  and  a  half  years  were  re.juired  for  the  building  of  the  wall.  During  the 
first  two  years  very  bad  weather  was  experienced  and  very  little  progress  was  made. 
Frequent  storms  and  rough  seas  delayed  the  work,  and  often  washed  away  the 
temporary  stagings  and  roads.  Difificully .was  also  experienced  in  f-hifting  the  sand 
cverlying  the  rock.  This  was  in  some  cases  as  much  as  11  ft.  deep,  and  all  of  it 
had  to  be  removed  before  the  bag-work  could  be  put  in. 

The  concrete  bag-work  was  all  put  in  |)osition  by  divers.  Goliath  cranes  were 
emploved  for  building  the  wall  at  the  north  or  shallow  end,  and  derrick  cranes  at 
the  south  end. 

After  two  bad  years  a  very  fine  summer  in  1910  enabled  the  wall  to  be  finished, 
more  than  800  lineal  }ds.   being  constructed  in  six  months. 

The  wall  was  closed  in  October,  19 10,  and  after  the  parapet  was  erected  and  a 
bank  of  soft  material  was  put  in  along  the  inside,  the  water  was  pumped  out,  and 
the  wall  was  found  to  be  practically  watertight. 

Along  the  front  of  the  old  breakwater  and  the  south  end  of  the  old  sea-wall 
5()-ton  concrete  blocks  had  been  tlirown  in  pell-mell  to  break  up  the  seas  and  protect 
thr  walls.  Some  of  these  had  to  be  moved  to  allow  the  new  wall  to  be  built,  and  were 
then  replaced  outside  the  new  wall.  After  the  completion  of  the  new  sea-wall  more 
of  these  blocks  were  made  and  placed  along  the  front  where  the  wall  is  on  a  curve 
concave  to  the  sea,  so  that  now  the  wall  is  protected  in  this  way  practically  from  the 
south  end  to  opposite  the  dock  gates. 

The  gate  entrance  and  the  excavation  in  the  dock  and  the  dock  w:dls  were  then 
immediately  proceeded  with.  The  gate  entrance  was  built  of  concrete,  the  side  walls 
being  faced  with  freestone.  The  hollow  quoins,  roller-paths,  and  sill-face  were  granite. 
In  eight  months  this  work  was  all  completed  and  ready  for  the  erection  of  the  gates. 

The  excavation  in  the  dock,  amounting  to  570,000  cu.  yds.,  and  the  dock-walls, 
which  were  built  of  concrete  with  granite  copes  and  were  nearly  6,000  ft.  long,  were 
all  finished  in  ten  months.  The  excavations  throughout  the  works  were  in  soft  un- 
formed rock,  but  most  of  it  required  blasting  before  being  lifted  by  steam-navvies. 

Once  the  dock  was  finished,  a  concrete  coffer-dam  of  blocks  was  built  across  the 
gate  entrance  to  keep  it  dry  while  the  water  was  allowed  to  rise  in  the  dock. 

When  the  work  in  the  dock  was  well  advanced  the  entrance-channel  was  started. 
A  coffer-dam  was  built  at  the  outer  end  and  one  in  the  centre  of  the  channel  to 
enable  all  the  work  to  be  carried  out  in  the  drv. 

The  principal  work  in  the  channel,  besides  the  excavation,  was  the  underpinning 
and  completion  of  the  east  side  wall,  which  had  been  built  only  from  ground-level  along 
with  the  sea-wall,  and  the  erection  of  the  greenheart  timber  jetty  along  the  whole  of  the 
west  side,  and  on  that  part  of  tjie  sea  side  beween  the  end  of  the  side  wall  and  the 
dock  gates.  The  sides  of  the  channel  were  taken  out  to  a  slope  of  i^  to  i,  and  the 
jetties  were  erected  on  the  slopes.  The  old  sea-wall  across  the  line  of  the  new  channel 
was  removed,  the  old  concrete  being  used  for  forming  a  paved  channel  at  the  back  of 
the  sea-wall,  to  carry  off  any  water  coming  over  the  sea-wall  during  storms.  The  fair- 
way outside  the  new  entrance  was  deepened  by  dredging. 

The  contract  for  the  hydraulic  hoists,  pipes,  accumulators,  and  dock  gates  was 
carried  out  by  Messrs.  Sir  W.  G.  .\rmstrong,  Whitworth  and  Co.  A  large  hydraulic- 
power  and  electric-light  station  was  erected  at  the  north-west  corner  of  the  dock. 
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'\'hv  main  access  to  tlic  duck  for  coal  is  from  llu-  north,  and  a  \ard  cajxablc  of 
starinj4  30,000  tons  of  coal  has  been  laid  down  about  one  mile  from  the  dock.  The 
coal  comin<«  from  the  west  has  to  be  brouj^ht  to  the  dock  and  shipped  at  a  hij4h<>r 
level,  and  alterations  to  the  existing  docks  and  the  railwa\-  lines  round  thiin  will 
have  to  be  made  when  the  new  dock  is  open  for  traffic. 

The  total  cost  of  the  works  will  be  about  p£?7oo,ooo. 

Messrs.  Blyth  and  W'estland  were  the  Engineers  for  the  works,  and  the  author 
acted  as  Resident  Engineer. 


ALTERATIONS  AND  IMPROVEMENTS  OF  THE  PORT 
TALBOT  DOCKS  AND  RAILWAYS  DURING  THE 
LAST   DECADE. 

By  WILLIAM  CLEAVER.  M.lnst.C.E. 

The  author  ])oints  out  that  experience  of  the  maintenance  and  working  of  large 
engineering  undertakings  sometimes  indicates  that  certain  details  in  the  original 
designs  have  proved  to  be  not  altogether  suited  to  their  purpose,  and  that  the  modi- 
fications found  to  be  necessary  would  often  afford  valuable  information  if  published. 
He  therefore  submits  an  account  of  the  more  important  alterations  and  improve- 
ments carried  out  under  his  supervision  during  the  last  ten  or  twelve  years  at  the 
Port  Talbot  Docks  and  railwav. 

After  giving  a  short  history  of  the  undertaking,  he  proceeds  to  describe  in  detail 
the  channel  training  works,  sand  suction  dredging,  the  design  of  suction  nozzles, 
floating  discharge  pipes,  pontoons,  etc. 

Channel  maintenance  by  means  of  sluicing  is  dealt  with,  and  in  connection  with 
this  the  fallacy  of  river-scour  is  explained.  Details  are  given  of  a  reinforced  concrete 
dam  or  groyne  built  in  the  river  to  eliminate  the  very  scour  which  was  originally 
expected  to  prove  beneficial,  and  also  the  results  of  the  erection  of  the  dam,  in 
reclaiming  the  river-bed,  restoring  bridge  pier  foundations,  reducing  dredging,  etc. 

Improved  dock  moorings,  designed  by  the  author,  are  described,  and  also  the 
strengthening  generally  of  existing  moorings.  These  moorings  designed  by  the  author 
consisted  of  a  timber  pile  and  concrete  mooring.  A  number  of  these  were  constructed 
and  were  found  satisfactory  both  as  regards  cost  and  efficiency. 

Mention  is  made  of  other  concrete  and  reinforced  concrete  structures,  which 
mcluded  a  new  Power-house  in  which  a  good  deal  of  concrete  was  employed.  Further, 
a  new  coal  tip  was  constructed  entirely  in  reinforced  concrete,  as  also  a  new  wharf 
nearly  1,000  ft.  long.  The  author,  in  the  course  of  his  paper,  mentioned  that  the  Port 
Talbot  Railway  and  Dock  Company  were  among  the  first  in  this  countrv  to  adopt 
reinforced  concrete  for  dock  structures,  and  he  went  on  to  explain  his  real  reason  for 
its  adoption,  which,  briefly,  was  the  following  : — 

About  seven  or  eight  years  ago  a  quantity  of  refuse  oil  was  allowed  to  escape  from 
a  vessel  about  to  leave  the  dock  and  became  ignited.  A  film  of  thick  oil  extended  over 
a  large  area,  and  the  heat  was  so  intense  that  some  slag  pitching  was  fused.  Had  this 
happened  in  the  neighbourhood  of  the  timber  jetties,  a  very  serious  accident  might  have 
occurred.  Whilst  pointing  out  that  extreme  care  was  needed  in  the  use  of  reinforced 
concrete,  both  in  the  use  of  the  material  and  supervision  of  workmanship,-  he  was  of 
opinion  that  its  adoption  was  fully  justified  for  dock  work,  and  that  it  was  even  more 
fire  resisting  than  steel. 

The  paper  then  describes  the  present  methods  of  dredging  in  dock,  and  the  deposi- 
tion of  the  spoil  for  reclamation  purposes,  and  gives  particulars  of  other  methods  tried 
previously  with  the  same  end  in  view'. 

Details  are  given  of  the  laying,  by  diver,  of  what  is  believed  to  be  the  first  extensive 
submerged  high-pressure  hydraulic  mains  and  returns  in  this  country.  The  new  electric 
and  hydraulic  power-station  is  described.  An  account  is  given  of  the  damage  done  to 
the  breakwaters,  etc.,  by  the  great  storm  of  December  i6th,  19 10,  and  the  steps  taken 
to  repair  the  work  and  to  prevent  similar  damage  in  future  are  described. 

Reasons  are  given  for  the  provision  of  new  lock-gates,  and  the  necessitv  for  having 
additional  sluices  arranged  in  them,  and  a  new  method  of  fixing  fender-chains  for  the 
protection  of  the  gates  from  collision  is  also  described. 
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The  author  gives  reasons  for  his  view  that  the  usual  aprons  in  front  of  sluice- 
culverts,  etc.,  are  inadequate,  and  also  refers  to  the  necessity'  of  substantial  dock  drains. 

The  paper  concludes  with  particulars  of  the  methods  adopted  by  the  author  for  the 
prevention  of  subsidences  in  railway  embankments,  and  also  of  special  repairs  carried 
out  on  a  brick  arch  viaduct  without  interfering  with  the  trafflc. 

An  addendum  to  the  paper  describes  the  use  of  ammonal  explosive  with  the 
Cordeaux  fuse  in  the  recent  demolition  of  the  old  engine-house. 


THE  SALFORD    TECHNICAL   AND    ENGINEERING    ASSOCIATION. 

REINFORCED  CONCRETE   CONSTRUCTION. 

By  HAROLD  J.  F.  GOURLEY,  B.Eng.  ;  Stud.Inst.C.E. 

The  foJlozi'i}2g  is  an  abstract  of  a  Paper  read  before  the  Salfoni  Technical  and  Engineer- 
ing Association,  and  shouhi  be  of  particular  interest  in  shozui)ig  ivliat  is  being  done 
by  the  educational  centres  of  the  nortiicrn  provinces  to  promote  a  thorough  laioivledge 
of  concrete  and  reinforced  concrete: — 

By  way  of  introduction  it  was  pointed  out  that  concrete  increased  in  strength 
with  age,  was  strong  in  compression  and  weak  in  tension,  had  valuable  fire-resisting 
properties,  and  was  watertight.  Steel,  on  the  other  hand,  was  eciually  strong  in 
tension  and  compression,  but  was  liable  to  corrosion  unless  frequently  and  thoroughly 
painted;  it  could  not  be  relied  upon,  either,  to  resist  fire.  The  combination  of  concrete 
and  steel  gave  a  material  which  was  economical  as  regards  cost,  with  which  the 
maintenance  was  practically  nil,  and  in  which  the  weakness  of  concrete  on  the  tension 
side  was  overcome  by  using  steel  so  surrounded  by  concrete  as  to  be  effectuallv  protected 
against  corrosion  and  fire. 

For  many  years  reinforced  concrete  was  regarded  with  the  suspicion  attaching 
to  any  new  material,  but  now  its  merits  were  widely  appreciated  and  its  use  extended 
to  all  kinds  of  construction. 

Taking  beam  design  as  embodying  the  general  principles  underlying  the  applica- 
tion of  reinforced  concrete,  it  was  jjointed  out  that  the  usual  beam  theory,  implying 
linear  distribution  of  stress  and  strain,  held  for  considerably  beyond  the  stresses 
allowed.  If  the  steel  is  to  take  its  share  of  the  load  it  must  act  with  the  concrete — 
that  is  to  say,  the  union  between  the  two  must  be  such  that  there  is  no  possibility 
of  slipping  taking  place.  The  conditions  under  which  experiments  on  this  point  have 
been  carried  out  leave  much  to  be  desired,  but  it  is  fairly  clear  that  tlie  adhesion  stress 
allowed  in  practice — 60  to   100  lb.   per  sq.   in. — -gives  an  ample  factor  of  safetv. 

Turning  to  the  reinforcement,  it  was  stated  that  plain  bars  are  not  always  used. 
Plain  bars  were  cheaper,  more  readily  obtained,  and  seemingly  developed  quite  as 
much  adhesion  as  is  called  for.  Deformed  bars  are  said  to  offer  a  greater  resistance 
to  slipping,  but  in  many  cases  there  is  a  tendency  to  burst  the  concrete;  thev  offer 
greater  facilities  for  securely  fixing  the  shear  reinforcement,  and  for  this  reason  are 
preferred  by  some. 

The  comparative  advantages  of  hard  (elastic  limit  60,000  lb.  per  sq.  in.)  and  soft 
(40,000)  steel  were  briefly  considered,  and  it  appeared  that  there  was  little  to  choose 
between  the  two  kinds. 

In  considering  the  shear  resistance  of  the  reinforced  beam  some  assumed  that  the 
concrete  could  carry  up  to  60  lb.  per  sq.  in.,  and  if  this  proved  insufficient  metal  was 
provided  in  the  form  of  inclined  bars  attached  to  the  main  reinforcement.  Others 
ignored  the  shear  resistance  of  the 'concrete  and  provided  sufficient  metal  in  the  form 
of  inclined  bars  or  vertical  stirrups  to  take  all  or  most  of  the  shear. 

\\'hatever  form  of  reinforcement  was  adopted,  care  should  be  taken  that  anv  loose 
scale,  rust,  or  oil  was  removed,  though  a  slight  rust  fiim  was  not  objectionable! 

The  reason  for  the  formation  of  hair  cracks  on  the  under  side  of  beams  was 
given,  and  whilst  in  general  such  cracks  were  harmless  in  exposed  situations,  thev 
might  allow  of  the  gradual  exposure  of  the  reinforcement. 

Because  the  co-efficients  of  thermal  expansion  of  concrete  and  steel  were  so  nearly 
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equal,  and  concrete  itself  was  a  fair  insiilaUir,  no  ill  ellects  in  the  conibinatiun  w  en- 
likely  to  follow  variations  in  temperature. 

The  variations  in  the  volume  of  concrete  with  (lifferences  of  moisture  content  fur 
long  periods  after  setting  were  alluded  to,  and  it  was  suggested  that  by  adding  a  small 
amount  of  mineral  oil  to  the  concrete  such  variations  could  be  eliminated,  l-'urther 
research  was  required  to  give  a  better  idea  of  the  effect  of  adding  oil,  alum,  and 
other  chemicals  to  concrete  used  in  reinforced  work,  particularly  as  regards  the 
setting  and  strength  of  the  concrete,  and  their  action  on  the  reinforcing  metal  and  on 
the  adhesion  between  concrete  and  metal. 

The  most  suitable  aggregate  for  almost  all  cases  was  undoubtedly  washed  granite 
drippings,  when  they  could  be  obtained  at  a  reasonable  price.  For  harbour  works 
ballast  was  frequently  used,  and  elsewhere  broken  bricks  and  stone  had  been  employed. 
Coke  breeze  or  other  material  containing  sulphur  was  to  be  avoided  at  all  costs. 

The  stones  should  be  varied  in  size,  and  the  maximum  allowable  sizes  may  be 
taken  at  |  in.  for  small  beams  and  slabs,  and  up  to  ih  in.  or  2  in.  for  larger  members. 

The  proportions  are  usually  such  as  not  to  be  leaner  than  four  parts  of  stone, 
two  parts  of  sand,  and  one  part  of  cement  by  volume,  and  where  watertightness  is 
required,  3,  lA  and  i  would  be  the  probable  ratios.  The  point  being  always  to  get  a 
concrete  of  the  inaximum  density,  for  this  has  the  greatest  strength,  the  greatest  tire- 
resistance,  and  is  most  impervious. 

The  minimum  amount  of  cover  necessary  for  efficient  protection  against  fin* 
depends  on  the  probable  duration  of  the  fire,  but  in  an  average  case  may  be  taken  at 
2  in.  in  main  girders  and  columns,  I5  in.  in  beams,  and  i  in.  in  slabs.  Cases  were 
known  in  which  the  cover  given  was  very  much  less  than  the  figures  mentioned,  and 
whilst  the  practice  gave  a  slightly  cheaper  building,  it  was  likely  in  cases  of  failure 
to  reflect  detrimentally  on  the  otherwise  undoubted  ability  of  reinforced  concrete  to 
resist  fire. 

In  water  and  sewage  works  the  cover  depended  on  the  proportions  of  the  concrete 
and  the  size  of  the  stone,  but  should  be  at  least  i  in. 

Concrete,  when  it  has  taken  its  initial  set,  was  under  the  best  conditions  when 
in  contact  with  fresh  water.  It  had  been  found  that  sea  w^ater  in  most  situations  had 
no  effect  on  concrete,  nor  had  sewage  of  average  strength  ;  but  strong  sewage  flowing 
in  ill-ventilated  sewers  had  caused  trouble,  particularly  at  the  general  fluid  level. 

Vegetable  and  animal  oils  appeared  to  have  a  deleterious  effect  on  concrete,  particu- 
larly when  long  in  contact  with  it. 

Since  it  appeared  that  the  failure  of  the  concrete  in  such  cases  was  due  to  the 
expansion  of  certain  chemical  constituents  of  the  cement,  brought  about  by  the 
absorption  of  acids  from  the  surrounding  liquid,  it  pointed  to  the  desirability  of  getting 
a  concrete  of  the  maximum  density  for  that  class  of  worJc. 

The  lecturer  proceeded  to  show  a  large  number  of  slides  illustrating  the  many  and 
varied  uses  to  which  reinforced  concrete  had  been  put,  and  whilst  gcncrallv  com- 
mending its  employment,  mentioned  some  points  which  had  been  criticised  and  where 
there  was  room  for  improvement. 

A  discussion  followed,  to  which  the  lecturer  replied  at  some  length. 
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NEW  WORKS  IN  CONCRETE 

AT    HOME  AND  ABROAD. 

Under  this  heading  reliable  information  -will  be  presented  of  neiv  'works  in  course  of 
construction  or  completed,  and  the  examples  selected  'will  be  from  all  parts  of  the  "world. 
It  is  not  the  intention  to  describe  these  "works  in  detail,  but  rather  to  indicate  their  existence 
and  illustrate  their  primary  features,  at  the  most  explaining  the  idea  "which  served  as  a  basis 
for  the  design. — ED. 


CONCRETE   RESERVOIR    AT   LETCHWORTH    GARDEN    CITY. 

The  needs  of  the  town  have  increased  so  rapidly  of  late  that  it  was  decided  bv  the  F'irst 
Garden  City,  Ltd.,  to  enlarge  the  storage  of  their  reservoir  from  250,000  gallons  to- 
750,000.  Their  engineer  was  accordingly  instructed  to  prepare  plans  for  the  construc- 
tion of  a  new  reservoir  of  500,000  gallons  capacity.  This  was  commenced  in  December, 
191 1,  and  finished  by  the  end  of  July,   1912. 

The  ground  in  which  it  is  built  consists  of  hard  chalk,  and  the  top  of  the  reservoir- 
is,  on  an  average,  just  at  ground  level.  Consequently  all  the  walls  but  one  have  a 
S(  lid  backing,  and  this  has  been  taken  into  account  in  designing  same. 

With  the  exception  of  the  roof  (which  is  constructed  in  reinforced  concrete)  and 
six  longitudinal  brick  division-walls  for  carrying  the  roof,  the  reservoir  is  built  entireh^ 
of  6  to  I  concrete.  The  dimensions  are  102  ft.  by  90  ft.  by  12  ft.  deep,  as  shown  in 
the  section.     The  sides  commence  from  the  tToor  by  a  45°  slope  of  concrete  6  in.  thick;: 


Showing  the  Reinforcing  Joists  to  Roof. 
Concrete  Reservoir  at  Letchworth. 
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then  there  is  a  level  berni,  on  tht 
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flow,  are  12-in.  pipes.     The  overllow  is  a  14-in.  pipe. 
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ast  and  west  sides  3  ft.  9  in.  wide,  and  on  the  north 
and  south  sides  6  ft. 
wide ;  after  this  there  is 
a  retaining  wall  8  ft. 
high,  and  battering  on 
the  west,  east,  and  south 
sides  of  the  reservoir 
from  3  ft.  at  its  base  to 
I  ft.  6  in.  at  its  top.  One 
side  of  this  wall  is 
vertical.  At  the  north 
end  of  the  reservoir,  and 
for  a  short  distance  along 
the  west  side,  the  wall — 
as  shown  in  the  section 
— has  two  battered  faces, 
diminishing  from  4  ft. 
b  in.  at  the  base  to  i  ft. 
b  in.  at  the  top.  This 
wall  is  so  built  that  it 
£  may  form  the  dividing 
^  wall  between  this  and  a 
;  future  reservoir,  and  is 
5  designed  to  stand  with- 
5  out  any  earth  backing. 
The  roof  of  the  reservoir 
'  is  constructed  of  4  to  i 
S  concrete  jack-arches,  6 
<  in.  thick  at  the  crown 
S  and  8  in.  thick  at  the 
^  springing,  reinforced  by 
b  in.  bv  Ah  in.  rolled  steel 
<•  joists.  These  joists  are 
S  carried  upon  the  six 
^  before-mentioned  division 
j  walls.  These  latter  walls 
5  are  each,  composed  of  a 
:  row  of  nine  semi-circular 
i  arches  of  3  ft.  radius, 
and  two  small  arches, 
one  over  the  berm  at  each 
end  of  the  wall. 

The  interior  is  lined 
with  natural  rock  asphalte 
I  in.  thick,  the  roof  also 
having  a  ^  in.  covering 
of  the  same  niaterlal. 

The  whole  reservoir 
has  a  slope  of  i  ft.  in  its 
length,  thus  enabling  any 
small  deposit  to  be  re- 
moved easily  by  means 
of  a  washout  pipe  when 
cleaning  is  done.  The 
inleit,  overflow,  draw-off, 
and  washout  pipes  all 
leave  the  lower  end  of 
the  reservoir  and,  with 
the  exception  of  the  over- 
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Two  boreholes  one  mile  away  constilute  the  sources  of  supplv  and  numninc. 
agamst  a  total  head  of  3,5  ft.,  convey  to  the  reservoir,  and  thence  to  the  town  f 
plentiful  supply  of  excellent  water.  ^'i^ncc   to   rne   town,  a 

We  are  indebted  to  Mr.  A.  W    E    Bnllmore     \  AF  Tn^f  r  t7  ••  .      ,      t-. 

IV.   1^.  ounmori,  .\. .\i. inst.L  .b.,  engmeer  to  the  First 


of  Letchworlh.  particulars.     The  contractor  was   Mr.    C.    F.   Ball 
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REINFORCED    CON- 

CRETE    COTTON 

WAREHOUSES. 

Owing  to  the  lark  of 
storage  accommodation  at 
the  Manchester  Docks,  the 
Trafford  Park  Estates, 
Ltd.,  have  recently  erected 
a  group  of  nine  ware- 
houses or  "cotton  safes" 
extending  along  to  Bridge- 
water  Canal,  Manchester, 
with  easy  connection  to 
the  main  docks.  The  nine 
warehouses  are  so  planned 
as  to  be  all  at  ground 
level,  and,  with  the  ex- 
ception of  the  skylights, 
have  been  constructed  en- 
tirely in  reinforced  con- 
crete. The  buildings 
measure  165  ft,  long  by 
35  ft.  wide,  and  they  are 
about  45  ft.  in  height. 
The  interior  cubical 
capacity  of  the  nine  ware- 
houses is  2,200,000  cu.  ft., 
equal  to  the  space  occupied 
by  about  78,500  bales  of 
American  cotton.  But  it 
is  estimated  that  only 
iibout  50,000  bales  will  be 
stored,  as  mueh  of  the 
space  is  to  be  occupied 
with  overhead  travelling 
cranes  and  for  the  pur- 
poses of  marking  and 
numbering  the  cotton 
before  storage. 

The  warehouses  are 
divided  from  one  another 
by  hollow  walls.  The  roof 
also  is  of  reinforced  con- 
crete carried  upon  rein- 
forced stanchions  which 
form  part  of  the  wall  con- 
struction. 

Each  of  the"  nine  sec- 
tions is  fitted  with  three 
motor  cranes,  which  will 
enable  the  bales  of  cotton 
to  be  transferred  from 
barge  to  warehouse  in  a 
minimum  space  of  time. 

The  warehouses  were 
erected  according  to  a 
project  of  Mr.  Marshall 
Stevens,  Managing  Director 
e  are  also  indebted  for  our 
of  the  safes. 
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REINFORCED   CONCRETE  WORK    IN    SWEDEN. 

Concrete  and  reinforced  concrete  are  gaining  considerable  ground  in  Sweden  for 
structural  works  of  every  description,  and  we  give  herewith  two  recent  examples  where 
reinforced  concrete  has  been  employed  to  great  advantage. 

A    Bridge    near   Kungs- 
holmen,  Stockholm.— Fig.    i 

is  an  illustration  of  a  bridge 
near  Stockholm.  The  rein- 
forced concrete  spans  are 
built  on  the  Verendee  system. 
The  free  width  of  span  is 
about  52  ft.  6  in.  The  height 
of  the  beams  is  6  ft.  6  in. 
The  bridge  was  constructed 
for  a  movable  load  of  about 
2  cwt.  per  sq.  ft. 

Paper  M  ills  atSJursfors, 
Sweden. — Our    second    illus- 
tration,   of   some  paper  mills, 
is   ot   particular   interest,   and 
would     seem     lo     upen     up    a 
further    held    lor    tlie    use    of 
reintorced       concrete,       inas- 
much   as    the    wooden    beams 
i       and   pillars    were   replaced   by 
Z       the     new      material      without 
I       any  stoppage  of  the  working 
„       of   the  mills.      The   forms  for 
□       the    casting    of    the    concrete 
I       were     erected    on     the    exist- 
a       ing  wooden  beams,  and  those 
g       for  the   concrete  pillars   close 
i       to    the    old    wooden    pillars. 
J       The  casting  took  place  while 
3       the   mills    were    in   operation. 
I       When  the  concrete  had  settled 
g       sufficiently  the  wooden  pillars, 
a       beams,  and  the  forms  for  the 
^       concrete  were  removed.    These 
mills  are  164  ft.  long  by  about 
":       62   ft.   hi"h. 


REINFORCED       CONCRETE 

IN    THE    PHILIPPINE 

ISLANDS. 

A     Concrete    Bridge. — 

Our  last  illustration  shows  a 
bridge  of  65  ft.  span  which 
has  been  erected  in  Leyte 
Province,  Philippine  Islands, 
at  a  cost  of  about  4,500 
dollars. 
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Reinforced  Concrete   Paper  Mills  at  Sjursfors. 


REiNFORCEn  Concrete  Bridge  at  Leyte,  Philippine  Islands. 
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CONCRETE  FARM  BUILDINGS. 


POPULAR  USES. 

Under  this  heading  it  is  proposed  from  time  to  time  to  present  particulars  of  the  more 
popular  uses  to  -which  concrete  and  reinforced  concrete  can  be  put,  as,  for  instance,  in  the 
construction  of  houses,  cottages  and  farm  buildings- — ED. 


CONCRETE    FARM    BUILDINGS. 

The  question  of  a  cheap  buiklinij;  material  for  farm  purposes  has  long  occupied  the 
attention  of  those  interested  in  work  of  this  kind.  Concrete  is  not  onlv  economical, 
but  structures  erected  in  this  material  are  also  healthy  owing  to  the  fact  that  thev  can 
be  cleansed  frequently  and  easily,  and  thus  the  likelihood  of  disease  among  the  farm 
cattle  is  considerably  minimised. 

Our  illustrations  show  some  farm  buildings  erected  entirely  of  concrete  and 
concrete  blocks  on  the  estate  of  Wayford  Tenants,  Ltd.,  Norfolk. 

Fig.   I   covers  a  ground  area  of  28  -ft.   long  by    14  ft.   wide,   and  shows  two  cow- 


Fig      1.       CoWsHLD,    I'ODDLK-kOuM    AND    DOL'BLE    PiGSTV. 

stalls,  a  fodder-room,  and  two  pigsties.  The  two  cow-stalls  are  12  ft.  by  7  ft.  6  in.  ; 
the  fodder-room  is  14  ft.  by  6  ft.  The  divisions  in  the  pigsties  are  7  ft.  by  7  ft.,  with 
a  courtyard  to  each  7  ft.  by  6  ft. 

In  the  courtyard  there  is  a  trough  made  entirely  of  concrete  with  a  shoot  from  the 
outside  wall  to  the  trough,  so  as  to  avoid  going  into  the  pigs'  courtyard  at  feeding 
time.  From  the  fodder-room  there  is  a  feeding  passage  at  the  head  of  the  cow-stalls  ; 
the  manger  is  of  reinforced  concrete,  and  the  Danish  principle  of  having  it  low 
has  been  adopted.  The  walls»are  all  built  of  concrete  4^  in.  thick,  the  size  of  each 
block  being  18  in.  by  g  in.  by  4^  in.  The  roof  is  of  concrete  tiles  (glazed  red).  These 
tiles  form  a  very  warm  and  absolutely  waterproof  roof. 

The  building  is  fitted  with  a  concrete  tank  sunk  in  the  ground,  to  which  all  the 
liquid  manure  is  drained.  This  is  a  very  essential  point  to  the  small  farmer  who 
keeps  very  little  stock.  The  whole  cost  of  this  building  was  ;^3i,  and  it  is  interesting 
to  note  that  it  was  erected  in  fourteen  days  with  the  aid  only  of  one  blocklayer  and 
his  labourer. 


939 


POPULAR   USES. 

Figs.  2  and  3  show  a  UduIjU'  pi.usty,  the  niat<'i-ials  used  in  construction  being  the 
same. 

Fig.  4  shows  a  concrete  block  building  in   course  of  construction.     This  is  on  a 


1  KuNT  View  of  Double  Pigsty. 


Fig.  3.     Back  View  of  Double  Pigsty. 


somewhat  larger  scale,  there  being  a  harness-room   12  ft.  by  6  ft.,  a  stable  12  ft.  by 
12  ft.,  a  cow-shed  12  ft.  by  15  ft.,  and  also  a  double  pigsty. 

The  blocks  and  tiles  were  made  on  the  estate  on  machines  supplied  by  Messrs. 
R.  H.  Baumgarten. 
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CONCRETE  FARM  BUILDINGS. 


The  buildings  were  erected  under  the  supervision  of  Mr.  B.  F.  Hartley,  the 
works  manager. 

We  are  informed  that  the  Departmental  Committee  on  Rural  Housing  appointed 
by  the  Board  of  Agriculture  visited  Wayford  recently  to  inspect  the  cottages  illustrated 
in    our    October    issue,    and   expressed    their    satisfaction    with    the    buildings. 


Fig  4.     A  Farm  Building  in  course  of  construction. 
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NEW  BOOKS 

AT  HOME  AND  ABROAD. 

A  short  summary  of  some  of  the  leading  books  "which  ha've  appeared  during  the  last  fenv  months. 


"Reinforced  Concrete  Construction."      Ad- 
vanced Course  by  M.  T.  Cantell. 

London  :    E.  &  F.  V.  Spon.  Ltd,,  S7  Haymarket.     240 
pp.  +xvi.  and  7  plates.     12/6  net. 

Conienis.   —  Additional      Formulae  — 
Columns  —  Piles  —  Walls — Retaining 
Walls — Strong    Rooms — Stairs — Roof 
Construction — Construction   of  Water 
Tanks — Water  Towers — Reservoirs  or 
Tanks    below    Ground    Level — Swim- 
ming  Baths — Bunkers,    Bins,    Silos — 
Water  Mains,  Sewers  and  Conduits — 
Circular  Tanks  or  Reservoirs — Arches 
and     Bridges  —  Circular     Hollow 
Columns   and  Tall   Chimneys — Build- 
ings and  Foundations. 
This  volume  forms  the  continuation   of 
the  elementary  course  by  the  same  author 
which    was    recently    reviewed    in    these 
colunms,  and  a  knowledge  of  the  principles 
and  elementary  formulae  is  assumed.    Like 
the  elementary  course,  the  volume  has  the 
merit  that  the  derivation  and  construction 
of  the  various  formulae  are  clearlv  shown, 
and   in    this   respect   it   has   an   advantage 
over  many  works  on  the  subject  where  the 
method  is  not  adopted.     Although  a  fairlv 
wide  scope  is  covered  by  the  author,  there 
are    certainly    some    chapters    which    are 
quile  inadequate  and  do  not  deal  with  the 
subject   in    sufficient   detail    to   be   of   any 
material  value.    As  an  instance  of  this,  it 
will  be  found  that  only  two  pages  are  de- 
voted to  stairs  and  only  about  five  pages  to 
piles,   and  in  the  latter  case  no  less  than 
three  of  the  pages  are  given  up  to  photo- 
graphic views.     It  is  to  be  regretted  that 
the  whole  subject  was  not  dealt  with  more 
consistently,    as    this    would    have   greatly 
enhanced  the  value  of  the  work  as  a  text- 
book.     The   matter   devoted   to   retaining 
walls,    bunkers    and   silos,    and    arches   is 
very    comprehensive    and    has    been    well 
written,  and  the  theoretical  portion  should 
be  easily  understood  by  any  reader.     The 
whole  of  the  plates  are  illustrative  of  arch 
design,  and  they  are  generally  superior  to 
the    other    diagrams    given    in    connection 
with  the  theoretical  portions  of  the  book. 
A   great    number   of   the    illustrations    are 
photographs  and  drawings  reproduced  bv 
permission  of  specialists,  and  the  references 
are  so  numerous  that  they  render  the  work 
almost    an     advertisement    pamphlet.      It 
would  have  been  preferable  if  this  had  been 
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a\'uided  and  a  general  acknowledgment 
given  at  the  commencement  of  the  volume. 
It  is  also  a  great  advantage  to  the  student 
if  some  working  drawings  are  given  to 
accompany  the  photographic  views,  as 
these  will  render  the  example  more  instruc- 
tive and  intelligible,  and  it  is  preferable 
to  give  a  few  complete  examples  than 
many  incomplete  ones.  It  must  not  be 
considered  that  the  volume  is  a  poor  one 
in  view  of  these  criticisms,  as  we  would 
wish  to  add  a  word  of  praise  also.  It 
should  prove  of  much  value  to  the  reader 
who  has  already  been  through  the  ele- 
mentary course,  and  it  is  a  volume  well 
worth  the  outlay  entailed  by  its  purchase, 
as  it  is  written  in  a  manner  that  should 
enable  the  student  to  follow  the  author 
and  really  understand  the  subject  he  is 
studving. 

"  Industrial  Chemistry — A  Manual  for  the 
Student  and  the  Manufacturer."  Edited 
by  Allen  Rogers  and  Alfred  B.  Aubert. 

London  :  Constable  iV  Co.  Ltd.,  Vjll.     _'4/-  net. 

In  this  volume,  of  American  origin,  the 
attempt  is  made  to  present  a  survey  of  the 
whole  field  of  chemical  manufactures  in 
the  form  of  a  collection  of  articles,  in  each 
of  which  an  author  deals  with  some  branch 
of  industry  with  which  he  has  a  special 
acquaintance.  Evidently  the  description 
of  any  one  branch,  confined  as  it  is  within 
exceedingly  narrow  limits,  cannot  convey 
anything  new  to  those  engaged  in  that 
industry.  Thus  the  metallurgy  of  iron  and 
steel  is  described  in  eighteen  pages,  includ- 
ing the  bibliography ;  that  of  glass  in 
sixteen  pages,  and  so  on.  This  being 
premised,  it  may  be  said  at  once  that  the 
individual  articles  are  remarkably  well 
done,  and  that  it  has  been  found  possible 
to  compress  much  useful  information  into 
the  small  space.  Only  American  practice 
is  dealt  with,  and  the  machinerv,  etc., 
described  is  almost  exclusively  of  American 
manufacture. 

The  account  of  materials  used  in  the 
chemical  industries  generally  includes 
cement  and  concrete  as  structural 
materials  and  for  the  construction  of 
vats,  but  no  allusion  is  made  to  the  use  of 
Portland  cement  clinker  as  a  refractorv 
lining,  or  to  that  of  cement  grout  as  a 
rust-preventing   coating    for   steel.      Rein- 
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torced    concrete    does    not    appear    to    be       Within    these   very    narrow    limits   a   very 

muntioned.  ^.]^^^  account  is  given  of  the  manufacture 

Ihe    article    on    "  Lmie,    Cement,    and       of   the   cement   by    the    dry   and    the   wet 

processes,  especially  in  the 
Lehigh  district.  No  attempt 
is  made  to  discuss  the 
chemistry  of  the  process,  and 
although  the  addition  of 
gypsum  is  described,  there  is 
no  reference  to  any  other 
method  of  regulating  the 
setting  time,  or  of  the  pro- 
perties of  cement  generallv. 
Cements  made  from  blast- 
furnace slag,  whether  mixed 
with  lime  or  with  Portland 
cement  clinker,  are  not  re- 
garded by  the  author  as 
Portland  cements,  but  are 
conveniently  classed  as  "  Puz- 
zolan  "  cements.  No  biblio- 
graphy is  given  in  this  case, 
each  author  having  been  left 
^  to  supply  such  an  adjunct  to 
his  article  or  not ;  hence  the 
I         description    is   more   likelv   to 

-  be  of  interest  to  the  general 
5  reader  than  to  the  student. 
?  If  read,  however,  with  a  due 
?  sense  of  proportion,  and  with 
C  reference  to  other  and  more 
:         complete     works,     the     book 

should  be  of  interest  to  many 
I  seeking  for  a  readable  account 
R  of  modern  chemical  industries 
:         without       demanding       much 

-  detail.    The  printing  and  illus- 
trations are  excellent. 


"  Fire  Tests  ^vith  Floors."  A 
Floor  of  Reinforced  Concrete 
Reinforced  ■with  "Triangle 
Mesh"  Reinforcement  and 
Presented  for  Test  by  the 
United  States  Steel  Products 
Co. 

London  :  Published  at  the  Offices  of  the 
British  Fire  Prevention  Committee 
("Red  Book  "  No.  1691,  S  Waterloo 
Place,  Pall  Mall,  S.W.     8vo.  S'e 

Those  interested  in  the  fire 
resistance    of   reinforced    con- 
crete   should    find    this    report 
of  considerable  interest.     The 
floor  was  put  forward  for  test 
under  the   Committee's   Stan- 
dard Classification,  "  Full  Pro- 
tection "   (Class    B).      As   will 
be  seen   from  the  report,   this 
classification   was  obtained. 
The  f^oor  was  under  fire  for  three  hours, 
and    during    that    period    was    subject    to 
temperatures  up  to  1,800°  F.     ^^'ater  was 
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ap])lied  for  five  minutes  at  the  conclusion  of 
the  test.  Photographs  were  taken  before 
and  during  the  test,  as  also  at  its  con- 
clusion, and  these  illustrations  are  included 
in  the  book,  which  in  addition  contains 
tables,  diagrams,  and  charts,  which  enable 
the  reader  to  follow  the  course  of  the  test 
with  ease.  Further,  the  metric  equivalents 
of  all  dimensions,  etc.,  are  given.  We 
would  add  that  the  area  of  the  test 
piece  under  observation  w'as  334  ft.  super., 
divided  into  three  equal  reinforced  concrete 
bays,  supported  by  four  rolled  steel  beams, 
which  latter  had  a  span  of  15  ft. 


There  is  an  appendix  to  this  report  deal- 
ing with  a  load  test  applied  to  the  same 
floor,  and,  according  to  the  report,  the 
object  of  this  load  test  was  "  to  record  the 
result  of  applying  a  load  of  about  5  cwt.  to 
the  sq.  ft.  (2,734  kg.  per  D  m.)  to  the 
centre  bay  of  the  floor  of  reinforced  con- 
crete." According  to  the  summary  of  the 
test,  "  the  maximum  deflection  registered 
in  the  centre  of  the  bay  after  loading  the 
bay  to  the  extent  of  5  cwt.  =560  lb.  per 
ft.  super,  was  4-10  in."  Our  illustration 
shows  a  view  of  the  floor  at  the  conclusion 
of  the  fire  test. 
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CONCRETE  MIXERS. 


INDUSTRIAL    NOTES. 

TTiese  pages  have  been  resefoed  for  the  preseniation  of  articles  and  notes  on  proprietary 
materials  or  systems  of  construction  put  forward  by  firms  interested  in  their  application.  With 
the  advent  of  methods  of  construction  requiring  considerable  skill  in  design  and  supervision, 
r:any  firms  noivadays  command  the  services  of  specialists  whose  vieius  merit  most  careful 
attention.  In  these  columns  such  -vieivs  -will  often  be  presented  in  favcur  of  different 
specialities.  They  must  be  read  as  ex  parte  statements— 'with  -which  this  journal  is  in  no  -way 
associated,  either  for  or  against— but  -we  -would  commend  them  to  our  readers  as  arguments  by 
parties  -who  are  as  a  rule  thoroughly  conversant  -with  the  particular  industry  -with -which  they 
are  associated.— ED. 


CONCRETE  MIXERS. 

The  main  feature  of  the  mixer  illustrated  herewith  is  that,  in  place  of  the  more  or  less 
unsatisfactory  and  troublesome  method  of  gear-wheel  driving,  the  drum  is  driven  from 
a  sprocket-wheel  on  the  driving  shaft  by  means  of  a  strong  endless  steel  chain  passing 


Chain  Belt  Conxrete  Mixer  (with  Power-Loader  and  Water  Tank). 

completely  round  the  drum  and  working  over  sprocket  teeth  bolted  in  sections  to  the 
drum. 

This    elimination    of    gear-wheels    is    an    important    improvement,    owing    to    the 
immense  amount  of  wear  such  wheels  are  subjected  to  with  heavy  machinerv  of  this 
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kind  and  dealini;  with  substances  of  such  an  abrasiv<'  nature  as  sand  and  cement.  It 
is,  of  course,  quite  a  simple  matter  to  adjust  a  chain  that  has  worn  shick,  but  once  a 
gear-wheel  becomes  worn  it  is  practically  useless. 

Another  feature  in  the  above  machine  is  the  cast  semi-steel  drum  niach-  from  a 
special  mixture  exceptionally  hard,  tough  and  durable.  This  cast  drum  takes  the 
place  of  the  ordinary  drum  made  from  riveted  steel  plates,  and,  being  naturally  con- 
siderably thicker,  it  should  have  a  very  much  longer  life,  while  there  is  no  difficultv 
of  rivets  becoming  loose  and  causing  leakage.  The  interior  surfaces  of  the  drum  are 
designed  with  liberal  curves  to  prevent  any  clogging  or  building  up  of  the  material. 
It  will  also  be  noticed  from  the  illustration  that  the  drum  is  cast  to  a  special  hidgcd 
design.  This  bulge  is  intended  both  to  increase  the  capacity  and  to  form  a  pocket  for 
the  elevating  buckets  to  ride  in,  and  thus  aids  in  filling  and  keeping  the  buckets  full. 
The  bulge  greatly  shortens  the  time  in  which  a  batch  can  be  mixed  and  discharged  as 
compared  with  a  straight  bottom  drum. 

The  mixing  blades  are  made  of  l-in.  steel  riveted  to  cast  steel  brackets  bolted  to 
the  drum.  The  blades  are  raised  to  allow  a  free  passage  of  water  under  them.  The 
ele\ating  buckets  are  made  of  high  grade  malleable  iron,  and  are  speciallv  placed 
and  shaped  with  a  view  to  elevating  the  material  with  the  greatest  speed  and  facility. 

The  wide  mixer  frame  is  solidh-  constructed  of  heavy  steel  channels  and  angles, 
well  braced  and  riveted  together,  to  give  a  strength  and  rigidity  so  as  to  assure  steadi- 
ness under  all  conditions  of  operation  and  prevent  the  necessit}'  of  blocking  up,  and 
the  consequent  waste  of  time  and  labour.  The  extra  width  of  frame  allows  the  engine 
and  boiler  to  be  placed  side  by  side,  so  that  the  engine  flywheel  can  be  used  for  driving 
pumps,  circular  saw^s,  etc.,  when  desired. 

The  mixers  are  supplied  in  several  sizes  according  to  the  capacity  required,  ^^'ith 
the  smaller  machine,  where  a  very  large  output  is  not  required,  the  standard  hopper  is 
generally  found  to  be  the  most  useful  means  of  loading  the  drum. 

Batch  hoppers  are  also  supplied  to  hold  the  entire  batch,  and  are  very  useful  in 
cases  where  the  aggregates  can  be  conveniently  charged  from  a  higher  level  by  means 
of  wheel-barrows,  etc. 

Where  a  very  large  output  is  necessary  the  power-loading  appliance,  shown  in  the 
illustration,  is  very  useful.  The  bucket  or  hopper  is  specially  shaped  with  a  \-iew  Oif 
the  material  being  quickly  discharged  into  the  drum,  without  clogging  or  spilling.  It 
is  claimed  that  this  power-loader  greatly  increases  the  daily  output,  and  very  consider- 
ably reduces  the  cost  of  mixing  per  cubic  yard.  The  loader  is  filled  while  the  previous 
batch  is  being  mixed  in  the  drum,  so  that  the  drum  is  ])ractically  always  full  and  the 
mixing  operation  continuous. 

There  is  also  an  automatic  water  tank  with  the  view  of  ensuring  an  exact  amount 
of  water  entering  into  each  batch. 

It  mav  be  added  that  the  mixer  is  of  the  horizontal  type,  the  drum  being  filled  bv 
the  hopper  while  in  its  horizontal  position,  without  the  necessit}^  of  tilting. 

The  mixer  is  made  by  the  Messrs.  Bagshawe  &:  Co.,  Ltd.,  of  Dunstable,  from 
whom  all  further  particulars  are  obtainable. 
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Memoranda  and  Neius  Items  are  presented  under  this  heading,  'with  occasional  editorial 
comment.     Authentic  neius  •will  he  'welcome. — ED. 


The  Institute  of  Sanitary  Engineers.— By  the  courtesy  of  the  Associated  Portland 
Cement  Manufacturers  (1900),  Ltd.,  some- of  the  members  of  the  Institute  of  Sanitarv 
Engineers  visited  the  Swanscombe  Portland  Cement  Works  at  the  end  of  October. 
Demonstrations  for  tlic  testing  and  gauging  of  cement  were  given. 

Barges  of  Reinforced  Coacrete.~lt  is  stated  that,  owing  to  their  cheaper  cost, 
reinforced  concrete  barges  are  being  employed  on  the  Panama  Canal.  The  ordinary 
flat-bottomed  type  is  used,  and  their  dimensions  are  64  ft.  by  24  ft.  by  5  ft.  depth. 
There  are  two  longitudinal  bulkheads,  and  lateral  frames  10  ft.  apart  strengthen  the 
construction. 

Concrete  Biocic  Foundations. — In  connection  with  the  recent  floods  in  Norfolk  a 
new  railway  viaduct  was  built,  and  the  foundations  to  this  viaduct  consist,  says  Tlie 
Times,  of  concrete  blocks  measuring  90  ft.  by  30  ft.  by  6  ft.  deep,  sunk  5  ft.  below  the 
bed  of  the  stream. 

Concreting  in  Winter.  —  Concreting  in  winter  at  temperatures  not  exceeding 
10  deg.  to  15  deg.  Fahr.  was  successfully  carried  on  in  the  case  of  a  large  reinforced 
concrete  warehouse  at  Delavan,  Wis.  The  outer  walls  of  the  structure  were  of  brick, 
and  were  built  up  to  a  height  a  little  above  each  floor  level  before  the  concrete  was 
poured.  The  concrete  plant  was  in  the  basement,  and  the  materials  were  heated  by 
steam  passing  through  a  large  coil  of  \\-\n.  pipe  exhausting  into  the  water  barrels  at 
the  concrete  mixer.  The  materials  were  dumped  directly  over  the  steam  pipe,  which  was 
laid  in  the  form  of  a  continuous  coil.  It  was  considered  that  this  arrangement  afforded 
better  circulation  of  steam  heat  than  the  use  of  parallel  pipes  and  headers.  At  lirst 
exhaust  steam  was  used  in  the  coils,  but  later  the  full  boiler  pressure  was  employed, 
and  it  is  stated  that  the  latter  method  gave  much  better  results.  In  this  way  the 
temperature  of  the  concrete  was  kept  between  50  deg.  and  60  deg.  After  the  concrete 
was  poured  it  was  covered  with  canvas,  and  salamanders  were  placed  on  the  floor  below, 
one  salamander  being  employed  to  about  600  sq.  ft.  of  floor  space. — The  Engineer. 

Reinforced  Concrete  for  Churcii  Foundations. — The  foundations  for  the  tower 
of  the  new  church  at  Berchem-li/-Anvers,  estimated  to  cost  424,566  fr.  (;^i6,982  12s.), 
arc  to  be  laid  on  an  impervious  concrete  raft,  or  platform,  at  least  80  centimetres 
(2  ft.  S  in.)  thick,  reinforced  by  three  rows  of  round  bars  20  millimetres  (rf  in.)  in 
diameter,  and  at  most  20  centimetres  (yrl  in.)  apart,  crossing  one  another  and  inter- 
connected. A  floor  (radicr)  of  hard  bricks  set  in  cement — 1|  ton  of  cement  to  a  cubic 
metre  (i"09  cubic  yard)  of  sharp  sand — is  to  extend  under  all  the  walls,  as  well  as  under 
the  arches  and  columns.- — Contract  Journal. 

The  First  Concrete  Beater  Tubs  in  the  World_. —  It  appears  that  the  rein- 
forced concrete  beater  tubs  which  are  being  built  by  the  Aberthaw  Construction  Co., 
of  Boston,  in  the  new  reinforced  concrete  buildings  of  the  Milton  Leatherboard  Co., 
Milton,  N.H.,  are  the  first  beater  tubs  to  be  made  of  the  modern  structural  material. 
Generally,  beater  tubs  have  been  made  of  wood  and  lined  properly.  The  proposed 
beater  tubs  are  four  in  number,  and  have  overall  dimensions  26  ft.  8  in.  long  by 
13  ft.  2  in.  wide,  making  them  larger  than  any  wooden  tubs  which  have  heretofore 
been  built.     It  is  stated  that  the  adoption  of  reinforced  concrete  for  this  purpose  will 
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ha\x'  manv  decided  iidxantages,  and  the  results  ubtaincd  with  tliis  material  will  be 
looked  forward  to  with  interest. 

Waterproofing  Concrete  Floors. —  Concrete  floors,  says  the  Aytierican  Roofer, 
should  never  be  treated  or  dressed  until  they  are  thorouj<hly  dry  and  well  seasoned,  and 
the  dressing  should  be  applied  before  they  have  been  subjected  to  traffic  or  wear.  In 
some  instances  it  is  necessarj-  to  use  an  acid  wash  or  some  other  neutralising  m<-dium 
before  applying  the  dressing  to  concrete  floors. 

When  the  concrete  is  thoroughly  drj'  and  seasoned  two  coats  of  concrete  floor 
dressing  should  be  applied.  A  cement  mortar  veneer  of  ^  in.  thickness — ^and  applying 
two  coats  liquid  cement  upon  the  surface,  after  the  same  is  thoroughly  dry — produces 
a  sanitary  and  light  radiating  basement. 

Concrete  floors  having  exceedingly  fine,  close  texture,  floated  to  a  dense  surface, 
which  carry  at  times  a  semi-gloss  finish,  should  be  treated  as  follows  :  The  surface 
should  be  gone  over  lightly  with  a  carborundum  rubbing  brick  in  order  to  establish  a 
bonding  surface  that  will  enable  the  concrete  floor  dressing  to  knit  close  to  the  floor 
structure  and  practically  become  integral  with  it.  This  will  prevent  scalping  and 
peeling  of  the  floor  dressing.  The  floors  should,  of  course,  be  clean,  thoroughly  drv, 
iind  well  seasoned  before  the  first  or  priming  coat  of  concrete  floor  dressing  is  applied. 
Transparent  floor  dressing  of  any  colour  desired  may  be  used.  It  should  be  applied 
by  means  of  a  suitable  brush,  preferably  a  flat  5-  or  6-in.  white  bristle  brush.  The 
dressing  should  be  worked  well  into  the  pores  of  the  concrete,  spreading  it  well  over 
the  floor  surface  to  develop  a  thin  film.  The  temperature  conditions  during  the 
periods  of  application  and  drying  should  not  be  under  70  degrees  Fahrenheit  to  insure 
the  best  results.  The  second  coat  should  not  be  applied  until  the  first  or  priming  coat 
is  thoroughly  dried,  which  under  proper  temperature  conditions  requires  from  two  to 
three  davs.  The  second  coat  should  be  brushed  out  evenly  and  uniformly  over  the 
surface  in  the  same  manner  as  one  would  apply  a  finishing  coat  of  floor  varnish,  and 
it  should  be  given  from  four  to  six  days  for  thorough  hardening.  Two  coats  develop 
a  very  satisfactorv  result,  though  three  coats  should  be  used  where  floors  are  submitted 
to  unusual  wear,  such  as  floors  that  are  used  as  passages,  aisles,  and  runways,  over 
which  heavy  trucking  is  done. 

Concrete  floors  of  exceedingly  coarse  texture  should  be  cleaned,  thoroughly  dry, 
and  well  seasoned  before  the  first  or  priming  coat  of  floor  dressing  is  applied.  Either 
the  transparent  floor  dressing  or  an}"  colour  desired  may  be  used,  and  should  be  applied 
by  means  of  a  suitable  brush,  such  as  is  described  for  its  use  on  concrete  floors 
of  fine  texture.  The  dressing  should  be  applied  in  the  same  way  as  for  fine 
close  texture  floors.  The  same  temperature  conditions  also  apply,  as  for  fine 
texture  floors.  After  the  first  coat  is  thoroughly  dry,  all  surface  areas  or  spots  which 
may  show  unusual  absorption  or  penetration  of  floor  dressing  should  be  "  touched 
up  "  or  gone  over  wath  an  additional  coat  of  dressing,  in  order  to  prepare  a  uniform 
surface  for  the  finish-coat.  After  the  first  coat  is  thoroughly  dry,  the  finishing  coat 
should  be  applied,  brushing  same  out  evenly  and  uniformly  over  the  surface,  as 
described  in  the  specification  for  concrete  floors  of  fine  texture.  The  finishing  coat 
should  be  allowed  to  harden  from  four  to  six  days. 

Concrete  floors  of  irregular  texture — by  w^hich  expression  is  meant  those  floors 
which  are  made  up  of  extremely  fine  and  extremely  coarse  texture,  laid  irregularlv, 
which  is  sometimes  due  to  carelessness,  but  often  due  to  unforeseen  conditions — should 
be  given  a  joint  application  of  the  specifications  described  for  concrete  floors  of  fine 
texture  and  concrete  floors  of  coarse  texture. 

Concrete  floors  of  normal,  uniform  texture  should  be  clean,  thoroughly  dry,  and  well 
seasoned  w-hen  the  first  or  priming  coat  of  concrete  floor  dressing  is  applied.  In  this 
instance,  as  well  as  others,  the  transparent  floor  dressing,  or  any  other  colour  desired, 
mav  be  used,  and  it  should  be  applied  by  means  of  a  brush  and  worked  well  into  the 
pores  of  the  concrete,  spreading  the  surplus  well  over  the  floor  surface  to  develop  a  thin 
film. 

Floors  which  are  laid  in  colours,  such  as  terra-cotta,  green,  etc.,  or  where  inert 
colours  are  mixed  throughout  the  cement  veneer  or  wearing  surface,  after  being 
thoroughlv  cleaned,  dried  and  well  seasoned,  should  be  given  two  coats  of  transparent 
floor  dressing,  applied  under  the  same  conditions  as  is  described  for  the  normal  or 
ur.iform  texture. 

948 


1 


^?;gS'Sgi!3  MEMORANDA. 


Paper  versus  Cloth  Sacks  for  Cement.  — Whvn  asked  his  opinion  as  to  whether 
the  best  results  were  secured  by  buying  cement  in  cloth  sacks  or  in  paper  sacks,  Leonard 
C.  Wason,  president  of  the  Aberthaw  Construction  Co.,  Boston,  stated  that  the  correct 
answer  to  such  a  question  is  at  the  present  time  a  much  mooted  one  among  the 
users  of  Portland  cement.  He  then  went  on  to  say  that  he  thought  the  time  would 
never  come  when  either  form  of  package  is  entirely  eliminated,  but  that  as  time  went 
on  and  the  buyers  of  cement  analysed  more  carefully  the  methods  of  the  cjuestion  the 
use  of  paper  sacks  would  steadily  increase.  In  bringing  out  the  disadvantages  of  the 
cloth  package  as  compared  to  the  paper  package,  Mr.  Wason  mentioned  that,  although 
it  appeared  at  first  sight  that  the  cloth  bags  are  cheaper  than  the  paper  bags,  owing  to 
the  fact  that  the  former,  though  charged  for  in  the  first  instance,  can  be  returned  to 
the  manufacturer  and  their  cost  recovered — which,  of  course,  is  not  the  case  with  paper 
sacks — yet  there  are  so  many  other  advantages  attaching  to  the  latter  which  quite 
outweigh  any  apparent  initial  higher  cost. 

There  is  the  expense  for  prepaying  freight  on  the  cloth  bags.  Further,  mention 
must  be  made  of  the  time,  labour,  and  expense  of  collecting,  counting,  storing,  keeping 
tally,  packing,  cartage,  etc.,  of  the  cloth  bags,  which  item  is  considerable. 

Cloth  bags  require  time  to  untie  and  time  and  care  to  emptv  thoroughly.  Paper 
sacks  require  little  time  to  untie,  can  be  handled  easilv,  cut  with  a  hoe,  broken  across 
a  box  or  barrel,  and  emptied  instantly. 

The  use  of  cloth  bags  involves  a  loss  of  cement  in  transit  by  sifting  through  the 
bag  in  handling.  No  such  loss  is  sustained  with  paper  bags.  Again,  in  the  one  case 
there  is  a  possible  loss  in  tearing,  but  the  use  of  a  good  grade  of  Manilla  rope  paper 
sacks  reduces  this  risk  to  a  minimum. 

There  is  a  further  loss  in  emptying  the  cloth  bags.  Labourers  are  often  so  careless 
as  to  leave  from  o"5  to  i"5  per  cent,  adhering  to  the  sides  of  the  bags.  Paper  sacks 
empty  easily  and  no  cement  adheres  to  the  sides. 

The  user  of  cloth  sacks  is  almost  sure  to  suffer  loss  through  theft  and  carelessness. 
A  cotton  sack  is  an  attractive  article  to  labourers,  as  it  has  inany  uses. 

Moisture  is  absorbed  and  easily  penetrates  the  cloth  bag,  damaging  the  cement 
and  causing  it  to  stick  to  the  bag;  there  is  no  loss  from  ordinarv  dampness  and,  in 
fact,  cement  in  paper  bags  frequently  goes  through  short  rainstorms  without  damaging 
the  cement. 

Inasmuch  as  there  is  a  charge  on  the  cloth  bags,  there  is  a  further  loss  if  these  are 
not  returned,  or  are  returned  damaged  or  in  bad  condition. 

After  careful  analysis  of  these  various  points,  the  conclusion  arrived  at  is  that  a 
paper  package  when  made  of  stout,  tough  paper  gives  a  service  which  is  well  worth 
the  apparent  higher  initial  cost. 

TRADE  NOTICES. 
Messrs.  Bellamy's  Wharf,  Rotherhithe.— The  work  at  this  wharf  has  been 
carried  out  with  the  object  of  increasing  the  available  depth  of  the  berth,  and  was 
fraught  with  considerable  difficulty,  as  the  routine  of  the  wharf  could  not  be  interfered 
with  or  work  delayed.  For  this  reason  also  the  necessary  height  for  a  piling  ladder 
was  not  available.  The  various  difficulties  were,  howcA^er,  successfullv  overcome,  and 
the  following  description  of  the  work  may  prove  of  interest. 

.   As  shown  in  the  illustration,  the  jetty  is  carried  on  steel  cylinders  5   ft.   6  in.   in 
diameter,  the  foundation  being  hard  grey  ballast. 

A  temporary  structure  was  erected  about  4  ft.  in  front  of  the  jetty,  composed  of 
i2-in.  by  12-in.  piles  framed  and  strutted  with  half  timbers.  This  formed  a  fender 
fcr  the  ships,  and  afforded  means  for  fixing  the  leads  for  the  hammer,  the  leads  being 
secured  to  the  half  timber  cross-bearers  by  angle  irons  and  bolts.  By  this  means  the 
monkey  was  reversed,  enabling  t^le  line  of  steel  sheet  piling  to  be  driven  close  up  to 
the  existing  cylinders. 

Driving  was  carried  out  by  means  of  electric  winches  o]>erating  30-cwt.  hammers. 
Two  complete  sets  of  plant  were  employed,  the  work  being  commenced  bv  driving  a 
single  sheet  in  the  centre  and  working  right  and  left  from  same.  The  progress  was 
of  necessity  rather  slow,  owing  to  the  difficulties  to  be  overcome.  The  main  object 
was,  however,  successfully  achieved — viz.,  the  whole  of  the  driving  work  was  carried 
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out  w  ithout  in  any  way  disturbing  the  usual  routine  of  tlie  wharf,  or  interfering'  unduly 
with  the  loading  of  the  ships. 

The  interlocking  steel  sheet  piling  having  been  driven  along  the  front  of  the  jetty, 
2-in.  tie  rods  i8  ft.  long  were  secured  to  baulks  of  timber  anchored  down  into  the 
barge  bed,  hard  core  was  then  placed  between  the  existing  camp-sheeting  and  the 
steel  sheet  piling,  and  well  rammed  around  the  cvlinders. 

In  front  of  each  cylinder  a  14-in.  by  14-in.  rubbing  pile  was  driven,  a  12-in.  bv 
i2-in.  waling-piece  was  next  placed  in  position  level  with  the  top  of  the  work,  and  the 
steel  sheeting  bolted  to  same,  the  shackle  bolt  hole  being  utilised  for  this  purpose. 

A  6-in.  rubbing  piece  was  spiked  on  to  the  rubbing  pile,  bringing  the  work  level 


Stkki,  Sheivt  Piling  at  Mi>sks.  Bellamy's  Whakl,  Rotherhith?:. 


with  the  face  of  the  stee!  Jjiling,  ;ind  a  gnod  lini>]i  lo  the  whok>  was  obtained  by  means 
uf  a  rounded  capping  secured  to  the  top  waling. 

The  contract  has  been  carried  out  by  Messrs.  Chafen  and  Newman  under  the 
supervision  of  Mr.  W.  K.  Myers,  of  Messrs.  Bradshaw  Brown  and  Co.,  Billiter  Square 
Buildings,  E.C.,  who,  after  carefully  considering  the  respective  merits  of  the  various 
systems  of  steel  sheet  piling,  specified  Side  Groove  Steel  Piling  (Annison's  patent)  as 
being  most  suitable  for  the  work. 

ironite. — Some  interesting  particulars  have  just  reached  us  concerning  a  new 
patent  waterproofing  process  for  cement  bricks  and  other  porous  substances,  called 
"  Ironite,"  and  which  is  entirely. of  British  make.  It  is  said  to  consist  of  a  fine 
mineral  powder,  and  does  not  contain  either  oil.  paraffin  or  asphalt.  The  makers 
deliver  it  packed  in  metal  cans. 

Its  application  is  as  follows  :  The  "  Ironite  "  is  mixed  with  water  to  the  con- 
sistency of  ordinary  whitewash  and  applied  to  the  desired  surface  with  a  brush.  It  is 
claimed  that  the  water  will  carry  the  material  into  any  porous  object  and  into  any 
cavities  that  moisture  will  penetrate.  According  to  the  particulars  before  us,  the  value 
of  "  Ironite  "  as  a  waterproofer  is  due  to  the  fact  that  when  introduced  into  voids  of 
concrete,  etc.,  the  "  Ironite  "  particles  oxidize  and  form  both  a  chemical  and  mechanical 
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union  witli  llic  roncrclc.  Oiuc  ajiplic  d  it  is  rlainird  the  matiTiiil  is  oiilx-  r.ciiii)\cd  willi 
the  utmost  diflu-uily,  and  then  nnly  by  takinii  ;i  P^n't  of  the  concrete  wilJT   it. 

Ironite  is  particularly  apjilicahle  to  foundations,  damp  courses,  tunnels,  walls, 
reservoirs,  pits,  etc. 

The  ])rocess  seem--  to  ha\-e  fmmd  threat  favour  in  the  I'niled  SLates,  rmd  in  this 
country  it  has  heen  carefully  iaxcsii^ated  by  Mr.  Bertram  Blount,  F.I.C.,  who  has 
submitted  it  to  \arious  tests,  and  whose  report  makes  intereslinij;  readini*. 

Some  tests  have  also  been  undertaken  by  Messrs.  David  Kirkaklv  and  Son.  l'"ull 
j)ru-ticulars  of  th(\se  tests,  toj^ether  with  all  details  reii.ardint,f  the  process,  (an  be 
obtained  from  The  Ironite  Co.,  !,td.,  whose  aj^ents  .are  .Messrs.  S.  Thornley,  Mott  and 
\'ines,  Ltd.,   i,  \'ictoria  Sli-crt,  S.W. 

Ransome-verMehr  Machinery  Co.  Ltd.—Wv  are  asked  by  Messrs.  Ransonu'- 
verMehr  Machinery  Co.,  Ltd.,  to  announce  that  they  hav(>  removed  to  new  offices 
and  that  their  new  address  i>  as  follows:  Ransome-xcrMelir  Machinerv  Co.,  Ltd., 
Brunswick  Hou.se,  Matthew  Parker  Street,  Westminster,  S.W.  The  telci^raphic 
address  and  telephone  luimbcr  ri'main   unchanj^ed. 

Wm.  Moss  &  Sons,  Ltd.,  have  asked  us  to  announce  that,  0'wint>  to  the  lar.u'e 
increase  of  work  in  the  Reinforced  Concrete  Departmeni,  thev  have  removi  d  to  lar.L;e;- 
offices.     Their  new  address  is  .^S,    Bedford   Row,    London,   W.C. 


BRITISH  IMPROVED  CONSTRUCTION  CO. 

Telephone:      4067  Victoria,  LTD.  Telegrams:    "  Biconcrete,  Vic.  London." 

"  B  I  C  " 
47    VICTORIA    STREET,    WESTMINSTER,    S.W. 

Manufacturers  of  all  kinds  of 

Concrete    Constructional    Materials 

(Plain  or  Reinforced) 

Including    PIPES,    PARTITION    AND     PAVING- 
SLABS,   SLEEPERS,   STANDARDS   &   POWER 
TRANSMISSION    POLES,    HOLLOW    BEAMS 
AND     FLOORS,    FENCING     POSTS,    etc,    etc., 
by    the    well-known     "JAGGER"      PROCESS. 

Engineers     and    Contractors     Own     'Designs     carried   out    to    order 

SPECIALITY. — Reinforced  Concrete  Pipes  for  High  Pressures,  abso- 
lutely Impermeable.     Our  Concrete  weighs  156  lbs.  per  cubic  foot. 
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